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PREFACE. 

The course in qualitative analysis here outlined has 
been followed, with slight variations, by the Freshman classes 
in the Colleges of Applied Science since 1893. The reduc- 
tion of the number of hours allotted to this subject has made 
it seem advisable to spend less time at the outset on a sys- 
tematic study of the reactions of the several metals and acid 
radicals, and a larger proportion on actual analytical work 
following a given scheme for separation and detection. This 
certainly retains the interest of students and apparently leads 
to the same end, if care is taken to emphasize the principles 
on which the methods are based. The notes in Part i on the 
general principles involved, and in Part J on the analytical 
schemes, are intended to accomplish this result. 

The author's thanks are due to Professor Rising, Professor 
O'Neill and to Mr. J. H. Gray, for advice and suggestions. 

W. J. S. 
Berkeley, December, 1897. 

EDWARD BOOTH 
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PART L 

INTRODUCTION. 



101 The word Analysis, used in chemistry to signify 
tlie resolution of a compound into simpler compounds or 
into its elements, as opposed to synthesis, is also applied to the 
determination of the composition of substances. Qualitative 
Analysis determines the nature of the constituents of a body; 
Quantitative Analysis determines the proportion of some or 
all of these constituents. Either may be Partial — referring 
to the principal, or to certain particular constituents, or 
Complete when it is attempted to consider all the components- 
Again,- either may be Ultimate — referring to the element^ 
contained, or Proximate — referring to certain groups of ele- 
ments. 

102 Qualitative analysis may be applied: 

1. To find out the essential composition of a comparatively 
simple substance, such as a metal or a salt. 

2. To determine all the constituents of a more or less com- 
plex substance or mixture of substances. 

3. To prove the presence or absence of some particular 
body in a given substance, as arsenic in food or silver in 
an ore, disregarding all other constituents of the sub- 
stance. 

103 To detect the presence of particular substances, to 
distinguish them from one another, or to separate them, we 
depend upon the existence of certain properties^ every sub- 
stance, elementary or compound, possessing a certain combi- 
nation of properties different from that possessed by any other. 



The properties most readily recognizable are: — 

1. State of Aggregation: Solid, liquid, or gaseous. 

2. Color. • 

3. Effects of Heat: Change of color, fusion, volatilization, 
decomposition. 

4. Solubility: (a) In water, forming simple solutions. 
{b) In acids, forming soluble salts with the acid used. 

{c) In solutions of alkalis (alkaline hydroxides) forming 

salts of the alkali metals. 
(d) In solutions of certain salts, especially ammonium 

chloride and potassium cyanide, forming double salts of 

the alkali metals. 

5. Effects of Reagents (other than solvents) tending to 
decompose them, these effects being indicated by the 
nature of the decomposition products; e.g., the reduction 
of metals from salts or oxides, and the precipitation of 
insoluble substances from solutions. 

Other properties less universally applicable for the purpose 
of recognition are: 

6. Taste, Odor, Density, Action on Light (transparency, 
refractivity, polarization), Effects of Light (change of 
color, etc.), Combustibility (in air or oxygen). 

7. Observed in SOLIDS: Crystalline Form and Habit, 
Lustre, Hardness, Malleability, Fracture. 

8. Observed in LIQUIDS: Viscosity, Effect on Color 
OF Litmus (turning it red or blue, or bleaching), Boiling 
Point. 

9. Observed in GASES: Power to Support Combustion 
(of carbon, etc.). 

Characteristic properties: Some few substances possess 
certain particularly conspicuous properties which at once 
distinguish them from nearly all others; thus the odor of 
hydrogen sulphide and of ammonia, the color of iodine vapor, 
the power of hydrofluoric acid to attack glass, are all highly 
characteristic of these bodies. 
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104 Every known substance can be identified if a suffi- 
cient number of its properties are noted; the first three or 
four mentioned, with the effects of a few reagents, suffice in 
nearly all cases. 

If the presence of any particular compound is proven, the 
presence of its components follows as a matter of course. 

For instance, silver chloride is a white solid which fuses without de- 
composition when heated, it is darkened by sunlight and is practically 
insoluble in water or acids but soluble in ammonia water. A substance 
found to possess all these properties may be safely assumed to be silver 
chloride. Further, if we add a solution of a known silver compound to 
a solution under examination, and obtain a precipitate recog^nized as 
silver chloride, we prove the presence of chlorine in the solution exam- 
ined ; conversely, by adding a solution of a chloride and obtaining a 
similar precipitate we can detect the presence of silver in another solu- 
tion. 

105 I'l some instances it is possible, by means of charac- 
teristic properties or reactions, to recognize a particular ele- 
ment or compound while combined or mixed with a number 
of others, but with complex mixtures it is, as a general rule, 
necessary to first separate other substances at least partially, 
and frequently this must be done in several stages. 

106 Some skill in manipulation, as well as a knowledge 
of the principles of chemistry, is necessary in this work. 
Before commencing, the student should review his knowledge 
of general chemistry and of chemical nomenclature.* Al- 
though a sufficient acquaintance with the general laws of 
chemistry is assumed on the part of the student, some of the 
more important generalizations and rules of nomenclature are 
here given for convenient reference. It is to be noted that a 
rigid definition is seldom possible in chemical classification 
and nomenclature. 

*See Remsen, ch. I, VI, and X. 
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107 An element is a substance which cannot by known 
means be resolved into simpler substances, while a compound 
is made up of two or more elements. Of the seventy-five 
elements so far recognized (see 112) compounds of about 
one-half will be studied in the present course. A molecule of 
a compound, for the present purposes, will be understood to 
be the smallest portion capable of taking part in the reaction 
involved in any chemical change, and the atom of any element 
the smallest portion entering into a molecule. 

The formulas used indicate the simplest possible constitu- 
tion of the molecules, each symbol representing an atom. 
The symbol aq following a formula indicates one molecule of 
combined water, Aq means that the substance represented is 
in water solution. 

An equation is intended to represent a reaction which goes 
on between the substances indicated by symbols in its left 
hand member, producing those indicated in the right hand 
member, the same numbers of atoms appearing m. each case, 
but differently arranged; but it must be understood that the 
changes repi'esented by an equation do not always go on to 
completeness, and that an equation which strictly represents 
the changes taking place under one particular set of condi- 
tions does not necessarily represent those taking place between 
the same substances under other conditions, or taken in differ- 
ent proportions (see 124-126), also that in some cases several 
reactions may take place side by side between the same 
substances. 

108 When a compound in solution is electrolyzed — as for 
instance by introducing platinum wires connected with the 
zinc and carbon plates of a battery — those elements or groups 
of elements which tend to travel to the cathode, the pole con- 
nected with the zinc, are called positive radicals or cathions; 
those which travel to the anode are negative radicals or 
anions. 
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The positive radicals thus travel with the positive current. The ions 
or radicals do not always appear as such in electrolysis but may give 
rise to other substances, either by decomposing the solvent or by com- 
bining with the substance of the anode or ca'hode. The most positive 
elements are potassium, sodium and the allied metals, followed by Ba, 
Sr, Ca, Mg, and the other metals and hydrogen. The most negative are 
the elements chlorine and oxygen, followed by the remaining non-metals. 
Compound radicals are such groups of elements as (NH4), (SO4), (CN), 
which travel together when their solutions are electrolyzed. 

In all metathetical reactions (123), and in most of the re- 
actions used in qualitative analysis, except some of those 
involving oxidation and reduction (122), the portions trans- 
ferred from one molecule to another correspond to the 
radicals or ions separated by electrolysis. 

109 T^f^^ Valence of an element \^ measured by the number 
of ato7ns of H, or of CI, zvhich one of its atoms combines 
with, or replaces. It may be regarded as the number of bonds 
or ''units of chemical affinity," which its atom exercises. (See 
Remsen, pages 82 and 428.) Thus in the Ferric salts (as FeCIa, 
Fe203), iron is tri-valent or a triad element, its atom replac- 
ing three atoms of H: in the Ferrous salts (FeCl.^, FeO) it is 
divalent, or a dyad, one atom replacing two atoms of the H of 
HCl or H^O.' The valence of a compound radical is the 
number of bonds available for combining with other elements 
or groups: thus (NHJ is a monad positive radical, (SO4) is a 
dyad negative radical. 

Valence is indicated where necessary by dashes or Roman 
numerals, thus: Fe'", Fe," Cr^^ (PO,)"\ (N03y. 

110 Acids. Most acids belong to one of two classes:* 

1. Hydracids, which contain hydrogen, united with a non- 
metal or negative element, as HCl, H2S, HF. 

2. Oxyacids, containing hydrogen combined with oxygen 
and another of the more negative elements, as HNO3, 
H,SO„ H3ASO,. 

Acid radicals ds^ the elements or groups which, with H, 
form acids; these correspond to the negative ions of 
electrolysis. 

*See also 120. 
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Anhydrides are oxygen acids minus water, as N.,0.-„ SO3, 

AS2O5, and are sometimes spoken of as acids. 

The strongest acids are, HCI, HNOa, H.SO^, HBr, HI, HCIO3, 
followed by HF, H3PO4, HC,H/),. H.SOa; weak acids comprise H^COs, 
HfS, HCN, and most others. The stronger acids are soluble in water 
and redden litmus, the weaker having little or no effect. 

The term base is applied to metallic hydroxides and a few 
other compounds which react with acids to form salts. A 
base usually contains a metal or positive radical united with 
oxygen and hydrogen, and may be regarded as a metallic 
oxide combined with water: c. g., KOH, Zn(OH),. Bi(0H)3, 
BiO(OH), (NHO(OH). 

The strongest bases are the caustic alkalis, hydroxides of the more 
positive metals, KOH, NaOH, etc, and (NH4)OH, all of which are 
highly soluble in water — their solutions turning red litmus blue — and the 
alkaline earths Ba(OH),, Sr(OH),. Ca(OH),, Mg(OH).„ which are less 
soluble in water in the order named, but readily turn litmus blue. 
Most other bases are nearly insoluble in water and affect litmus only 
feebly or not at all. 

A salt is formed, together with water, when an acid 
reacts with a base. A salt corresponds to an acid in which 
the H is replaced wholly or partly by metal, or to a base in 
which hydroxyl is replaced by an acid radical. Salts may 
be regarded as compounds of positive with negative radicals. 

There are many cases in which metals will not directly displace the 
hydrogen of acids (thus silver and platinum are not affected by HCI), 
and in some instances the replacement can not be brought about at all, 
so that the salts of certain metals with certain acid radicals are at pres- 
ent unknown. 

Generally, negative radicals zvith hydrogen form acids; posi- 
tive radicals zvith hydroxyl {OH) form bases; positive and 
negative radicals together form salts. 

A'ids, bases, and salts may thus be considered as a continuous series 
of binary compounds of positive elements or groups with negative, re- 
jzarding acids a^ salts of the metal H, and hydroxides as salts of the 
acid H(OH), water forming a c iunecting link between acids and bases, 
thu-; H2SO4 is hydrogen sulphate, and K'OH potassiunt hydrate. See 
R-msen, page 146. 
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LIST OF KNOWN ELEMENTS. 



Symbol and 
Name. Valence. 



The atomic weights are those calculated by F. W. Clarke, 1897, 
the weight of an atom of oxygen (i6.co) bting the standard, and the 
valences are those exhibited in the more important compounds. 

Atomic Symbol and Atomic 

Weight. Name. Valence. "Weight. 

Mol>bdenum . . Mo^"\ . . 96- 
Neodymium. ...No"^^^. ..140.8 

Nicktl Ni" 58.7 

Niobium see Columbium. 
Nitrogen N^ "' 14. 



Aluminium ...AP" 27.1 

Antimony Sb'" ^ . . 1 20. 4 

Argon A ? 

Arsenic As'"^. ... 75. 

Barium Ba" '37 4 

Beryllium see Glucinum. 

Bismuih Bi"' 208.1 

Boron B"' 11. 

Bromine Br''".... 80. 

Cadmium Cd" 112. 

Calcium Ca" 40. 

Carbon C^ 12. 

Cerium Ct"' '^ . . . 140. 2 

Cesium C s' 132.9 

Chlorine Cl^''^"... 3545 

Chromium Ci"'"'' ... 52. 

Cobalt Co" 58.9 

Columbium. . ..Cb^' or Nb 937 

Copper Cu"V... 63.6 

Erbium Er"^ 166.3 

Fluorine F' 19. 

Gadolinium.. ..Gd'" .... 156.8 

Gallium Ga"' .... 69.9 

Germanium. . .Ge'^ 72.5 

Glucinum Gl"orBe. 9.1 

Gold Au"' .. .197. 

Helium .He ? 

Hydrogen H' 1.008 

Indium In"^ ii3-9 

Iodine T^'" 126.8 

Iridium Ir"''^. . ..193. 

Iron Fe"'".... 56. 

Lanthanum .... La"' 1 38. 6 

Lead Pb" 207. 

Lithium Li' 7. 

Magnesium .... Mp" .... 24. 3 
Manganese.... Mn""'*«^" 55. 
Mercury ...... Hg" * . . . -200. 



Osmium Ob"**»''".i9i. 

Oxygen O" 16.00 

Palladium Pd" 106.4 

Phosphorus.. ..P^"' 31. 

Platinum Pl'^ 194.9 

Potassium K ' 39. i 

Praseodymium. Prd""^. ..143 6 

Rhodium Rh""'^'.io3. 

Rubidium Rb' 85. 

Ruthtnium... Ru""''' .101 7 

Samarium Sa"' 150. 

Scandium Sc"' 44. 

Selenium Se"'^^'.. 79. 

Silicon Si'^. 28.4 

Silver .Ag' io7-9 

Sodium Na' 23. 

Strontium Sf" 87.6 

Sulphur S"'^^'... 32. 

Tantalum Ta^ 182.8 

Tellurium Te"'^. ... 127.5 

Terbium Tb"' 160. 

Thallium Tl'"'.. .. 204.1 

Thorium Th'^ 232.6 

Thulium Tu"' 170.7 

Tin Sn'^"....ii9. 

Titanium Ti'^"'.. ..48.1 

Tungsten W^' 184.8 

Uranium U^' 239.6 

Vanadium V^ 51.4 

Ytterbium Ytb"' 173 2 

Yttrium Yt"'.. .. 89. 

Zinc Zn" 65.4 

Zirconium Zr'^ 90.4 
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113 PERIODIC ARRANGEMENT OF THE ELEMENTS 
In the Order of their Atomic Weights. 

GROUPEI^ ACCORDING TO VALENCE (AFTER LOTHAR MEYER). 



Groupl I 1 II 1 III 
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Na 
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Al 


Si 
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Sc 


Ti 
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Fe,Co,Ni,Cu 
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Cu 


Zn 


Ga 


Ge 
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Rb 


Sr 
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Mo 




Ru,Rh,Pd,Ag 
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Cd 


In 


Sn 
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Te 
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This table of the Natural System is inserted for comparison with that on the opposite 
page, and with the analytical grouping of the metals in an accompanying table (I); it will 
oe seen that the analytical groups do not coincide with either series, but that there are 
marked similarities in the groupings. ' 

114 THE MORE IMPORTANT ACIDS 

Classified according to Basicity. 



Monobasic 




Carbonic 


H,C03 


Hydrochloric 


HCl 


Chromic 


H,CrO, 


Hydrobromic 


HBr 


Dichromic 


H.Cr.O; 


Hydriodic 


HI 


Chloroplatinic 


H^PtCle 


Hydrofluoric 


HF 


Fluosilicic 


H,SiFe 


Hydrocyanic 


HCN 


Oxalic 


HAO4 


Thiocyanic 


HCNS 


Tartaric 


H^CH.Oe 


Nitric 


HNO3 


Tribasic 




Nitrous 


HNO, 


Phosphoric (ortho) 


H3PO/ 


Chloric 


HCIO3 


Arsjsnic 


H3ASO/ 


Hypochlorous 


HCIO 


Arsenious 


HsAsOs* 


Acetic 


HQH3O., 


Boric 


H3BO3* 


Dibasic 




Hydroferricyanic 


HsFe^'^Cye 


Hydrosulphuric 


H,S 


Citric 


HsCeH.O, 


Sulphuric 


H,SO,* 


Tetrabasic 


Sulphurous 


H,S03 


Silicic (ortho) 


H4SiO/ 


Thiosulphuric 


u,s,o. 


Hydroferrocyanic 


H.Fe^^Cye 


Oxides may be regarded as derived from dibasic H2(0),* hydroxides from monobasic 


H(OH). 









♦Other modifications of these exist (meta-, pyro-, etc.), formed by combination of two 
or more molecules of the ortho-acids and removal of water. 
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115 The basicity of an acid is expressed by the number of 
atoms of replaceable hydrogen in one molecule: thus HNOs and 
HCl are monobasic, H.SO^ dibasic, H3PO4 tribSsic, H.SiO, 
tetrabasic, etc. 

The acidity of bases corresponds to the basicity of acids, 
and is measured by the number of hydroxyl groups in the 
molecule: this corresponds to the valence of the metal or basic 
radical contained: thus KOH is a monacid base, Zn(OH)a 
diacid, Bi(0H)3 triacid; (BiO)(OH) and NH.OH are monacid 
and are the hydroxides of the compound radicals bismuthyl 
(BiO), and ammonium (NH^). 

In salts, including acids and bases, the numbers of bonds of 
the positive and negative members of any one are equal, if 
reckoned by multiplying the numbers of the radicals by their 
valences. Thus we have — 

Acids: WC\\ H^NO.y, H^SOO", H,i(SiO,r. H^SiF,)". 
Bases: K\OH)\ -(NHOXOHy, Ca'-XOH^,)! Bi"'(OH)^, 

(BiOy(OHy, Pb"(OH)^, AP"(OH)^, 
Salts: KC1\ Bi^^NOa)',. TBiOyCNO^y, Al^^SO.y^, 

A1"^(POO'", Ca"3(PO,y",, K,(SO,)", K^H^CSO^", 

Pb"^ClXOH)^ K^XSiF^y^ 

The symbols of the more positive radicals being written 
first. 

116 Salts are classified as normal, acid and basic. 

In normal salts all the replaceable hydrogen of the acid is 
replaced by metal or positive radical, one atom of H being 
removed for each acting bond of the radical introduced. 
Hence if we know the formula or tJie basicity of an acid and 
the valence of a metal, or the acidity of a base,* we can at once 
write the formula of the corresponding normal salt: the num- 
ber of bonds acting being the least common multiple of the 

* These may be found for the more important metals and acids in 112 
and 114. 
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numbers expressing basicity and valence. Thus Ca" and 
H,PO, form the normal salt Ca,??(PO,X'", Al"XOH), and 
H,SO, form A1,^^(S0,),", etc. 

In acid salts only part of the hydrogen of the acid is re- 
placed by metal: as in KHCSO^), CaH(P04), NaHCCO,), etc. 

When an acid forms several salts with one metal, by 
replacement of successive proportions of H, these are called 
primary^ secondary^ tertiary^ etc., as a less or greater propor- 
tion of H is replaced ; when only two are formed the words 
"acid" and *' normal" suffice to distinguish them. See Rem- 
sen, page 140. Thus there are three calcium phosphates 
known: primary CaH4(P04)a, secondary CaH(P04), tertiary or 
rvgrTMLCa8(P04)a; the sodium sulphates are: primary or acid 
NyJJTSQ ^, secondary or normal NajSO*. 

Basic salts may be regarded as bases in which only part of 
the hydroxyl has been replaced by an acid radical, or as acids 
in which all the hydrogen has been replaced by metal and 
with which a further amount of hydroxide or oxide (base) has 
combined. The formulas may be written in accordance with 
either view: thus basic lead carbonate is Pbj(OH)2( 003)3 or 
2PbCOs.Pb(OH)2; the latter method is usually to be preferred, 
as many of the precipitated "basic salts" are probably mix- 
tures or indefinite compounds of normal salt with base. 

Double salts contain a single acid radical combined with two 
metals, or one metal with two acid radicals, in proportions 
corresponding to the union of simple numbers of molecules 
of two single salts, e, g., KAl (804)3. I2aq, K2Zn(S04)2.6aq, 
Pb^COsCl.,. 

\Xl Reaction with indicators, — Substances whose solu- 
tions redden litmus are said to have an add reaction, but are 
not necessarily acids; similarly, those which turn it blue have 
an alkaline reaction, but are not necessarily bases: substances 
which do not affect its color are said to be neutral to Utmus^ 
or of neutral reaction. , 
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The terms acid and basic applied to salts do not refer to 
their reaction with litmus, which depends on the relative 
•'strength," as well as the proportion, of acid and base: thus 
NajHPO* (an acid salt of a strong base, with a comparatively 
weak acid) turns litmus blue, or has an alkaline reaction, while 
CuSO^ (a normal salt of a weak base, with a strong acid) red- 
dens litmus, or has an acid reaction. The normal salts of the 
more positive metals, with strong acids, are neutral to litmus. 

Beside litmus there are many other indicators (chiefly organic sub- 
stances of complex constitution, such as cochineal, methyl orange, 
phenol-phthalein, turmeric, etc.) which may be used to distinguish acid 
from alkaline substances, or to detect free acid or alkali, usually by some 
striking change of color. 

118 Nomenclature, — The names of hydracids commence 
with hydro-, those of the corresponding salts, and binary com- 
pounds generally, end in -ide; the names of oxyacids end in -ic 
or 'Ous, and those of the corresponding salts in -ate and -ite. 
The terminations -ic and -ous, and the prefixes per- and sub-, 
protO', or hypo-, indicate greater or less proportions of oxygen 
or other negative body. 

ACIDS. FORMULAS. SALTS. 

Hydrochloric HCl Chlorides 

Hypochlorous HCIO Hypochlorites 

Chlorous HClOa Chlorites 

Chloric HClOs Chlorates 

Perchloric HCIO* Perchlorates 

Hydrosulphuric HjS Sulphides 

Hydrocyanic HCN Cyanides 

Cyanic HCNO Cyanates 

, Sulphurous HaSOj Sulphites 

Sulphuric H2SO4 Sulphates 

Again, FeClj is ferric chloride or perchloride of iron, FeCl, is 
ferrous chloride or protochloride of iron: the latter contain- 
ing a less proportion of chlorine. 

The prefix sesqui- is occasionally used to denote oxides 
containing one and a half atoms of oxygen to one of metal: 
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thus ferric oxide FcaOj is sometimes called sesquioxide of iron. 
In naming salts it is preferable to simply prefix the name of 
the metal to the generic name, except when the metal forms 
two or more classes of salts. Thus we say sodium sulphate 
rather than sodic sulphate or sulphate of soda, but ferric 
chloride and ferrous chloride to distinguish the two chlorides 
of iron from one another. The metals Fe, Cr, Cu, Hg, Sn, Sb, 
As, Mn, form two or more classes of salts. 

119 Dualistic system of notation, — ^The oxyacids, their 
salts, and the hydroxides may be considered, and their for- 
mulas written, as compounds of positive with negative oxides; 
thus (compare 115): 

Acids: HjO.NaOs. H2O.SO3, 2H,O.Si03, aHjO.PaOs; 

Bases: KaO.H,0, CaO.H^O. Bi.Oj.sH.O, Bi.Oa.HjO, AlaOs-sH^O; 

Salts: normal: sCaO.PaOs. AI2O3.3SO8, K2O.N2O5; . 

acid: 2CaO.H,O.P,05, Ca0.2H,O.P205, H5eO.KaO.2SOs; 
basic; 3Pb0.2C08.H,0, Bi^iQs.NjOs. 
This system is convenient for showing the changes of valence in oxi- 
dation, and exhibiting the composition of some complex salts (as silicates 
when it is difficult to trace the acid from which they are derived. 

120 The prefix thio- (or sulpho-) indicates an acid or salt 
containing sulphur in place of the O of oxyacids: ckloro-, fluo- , 
etc., denote a replacement of O by CI or F, etc. 

Thus KCNS is potassium thiocyanate, or sulphocyanate; K2SiF6 is 
potassium fluosilicate, derived from fluosilicic acid, HaSiFe, correspond- 
ing to silicic acid HaSiOs; Na^CSs is sodium thiocarbonale, correspond- 
ing to NaaCOj. 

In some cases several acids are derived from the same anhydride: 
thus ordinary sulphuric acid and the sulphates correspond to H^O.SOs: 
while disulphuric (pyrosulphuric) acid, HaSjOy, and the distllphates 
correspond to H2O.2SOS, similarly potassium chromate (KaCrO*) and 
dichromate (KaCraOj) correspond respectively to the acids HaO.CrOj 
and H20.2Cr08. There are three acids derived from the anhydride 
PaOs: orthophosphoric HsPO* (3HaO.P205-r2), pyrophosphoric H4P2O7 
(2H2O.P2O5), and metaphosphoric HPO3 (HaO.Pa06-^2). Salts of still 
more complex constitution, as the thioarsenites and native silicates, are 
best expressed by the dualistic notation. 
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121 The hydroxides and oxides of the more positive 
metals always act as bases. Compounds of the most negative 
elements with oxygen or hydrogen, or with both, always act 
as acids. But hydroxides or oxides of some of the intermedi- 
ate elements (some of the less positive metals) may act in 
either sense, combining with either stronger acids or stronger 
bases to form salts. Thus ZnO reacts with H^SOi to form 
ZnSOi (zinc sulphate) and with KOH to form KjZnOa (potas- 
sium zincate): so that zinc hydroxide (Zn(OH)5,) plays the 
part of an acid (HjZnOa) as well as that of a base. 

When an element combines with oxygen in more than one 
proportion the higher oxide is always the more acid (or less 
basic) in character. Thus Mn"0 (or Mn(OH),) is the base of 
the manganous salts (MnCU etc.): Mn^O, forms scarcely any 
salts (MnCl*, the best known, is very unstable): and Mn^^Oj 
forms no salts with acid radicals, but is itself the anhydride of 
manganic acid (H^MnO^), forming the manganates. Similarly 
Fe(0H)2 is a comparatively strong base, Fe(OH)3 a much 
weaker base, sometimes acting as a weak acid, as, e. g,y in 
FeaO, or Fe^O.Fea^'O,, ferrous ferrite. 

122 Oxidation takes place when oxygen, or any other 
negative radical, combines with an element or compound; and 
when hydrogen, or any positive radical, is removed. It con- 
sists in an increase of the proportion of the more negative con- 
stituents of a substance,/. ^., in an increase of the acting valence 
of the more positive members towards oxygen or any nega- 
tive radical. 

Reduction is in every respect the reverse of oxidation ; tak- 
ing place when oxygen or any negative radical is removed 
from a compound, and when hydrogen or a positive radical is 
added. 

Oxidation and reduction usually accompany each other. 
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123 Metathetical reactions are those which take place 
when one positive radical is exchanged for another, or one 
negative radical for another, or both together, the numbers of 
bonds of the radicals exchanged for each other being invaria- 
bly equal. 

Thus the equations: 

H,SO, + NaOH = NaHS04 + H,0 

Pb(NO,), + H^SO^ = PbSO* + 2HNO, 

A1,(S04), + 6KOH = 3K,SO, + 2 Al(OH), 

all represent metathetical reactions, in which no oxidation 

nor reduction occurs. 

The equation Zn + H^SO* = ZnSO* + 2H represents a 
case of metathesis in which one element (Zn) is oxidized, and 
another (H) reduced, the acting valence of the zinc increas- 
ing from o to 2, that of the H being reduced from i to o. 

The reaction CI + FeCl2 = FeCls is not a case of nietathesis, 
the iron being oxidized from the dyad to the triad condition. 

124 The reactions utilized in qualitative analysis most 
commonly consist in the exchange of radicals for one another, 
giving some products easily separated from others or recog- 
nizable by certain properties. 

A reagent is a body which, by reacting chemically with a 
substance under examination, indicates its composition or 
assists in separating some of its constituents. The so-called 
"chemical tests,*' effects of reagents, depend frequently on the 
forniation of precipitates of characteristic colors from solu- 
tiona, or on the dissolving of precipitates or other solids. 

Most of the reactions to be dealt with (except in blowpipe 
tests, 143 et seq) are between substances which are in solution, 
or one of which is in solution. As reactions only take place 
between substances in contact the liquid state is most 
generally favorable, and the first treatment of solids is usually 
to dissolve them, after dividing them so as to present as large 
a surface as possible. 
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125 Reactions between a number of substances seldom go 
on to completion when all the products remain in contact. 
For instance, the reaction between two substances in a water 
solution is usually incomplete, a point of equilibrium being 
reached at which action ceases, except in those cases in which 
one of the products is removed from the field of action. This 
removal of one of the products may take place (i) when it is 
insoluble in water and therefore precipitated, (2) when it is 
volatile under the existing conditions and is vaporized. 

No very definite rules can be given to decide whether a 
particular reaction will or will not occur under given condi- 
tions, but the following will serve as a guide to the probability 
of its taking place.* 

When two or more substances are brought in contact^ the 
general tendency is for that reaction, if any, to go on, which 
develops the greatest possible amount of heat 

Heat may be given out in a reaction: 

(a) By change of state of aggregation, in the direction gas — liquid — 
* solid (^- g,, by precipitation). 

(b) By the combination of two radicals, the heat of combination 
being greatest for those differing most widely in positive or nega- 
tive character (108). 

(c) By a decrease of the total volume. 

Heat may be absorbed by changes of a reverse character: 

(a) By change of state in the direction solid— liquid — gas. 

(b) By the splitting up of molecules of compounds or elements. 

(c) By changes involving increase of volume. 

Commonly several of these changes take place together, the total heat 
effect being the algebraic sum of the heat effects of each change taken 
singly. In exothermic reactions heat is, on the whole, given out: in 
endothermic reactions heat is absorbed. 

The tendency is therefore^ dealing with solutions^ for the most 

positive radicals to combine with the most negative (/. e., an 

alkali-metal in solution tends to combine with the strongest 

acid radical present) and also for precipitates to form. The 

^Compare Remsen, chap. XXIII. 



fHore stable compounds, such as water, tend to be produced 
whenever possible. 

The following are cases of special importance in analytical 
work. 

Salts of the alkali-metals are soluble in water, almost with- 
out exception, but most salts of the heavy metals with weak 
acids (carbonates, hydroxides, sulphides) are insoluble: hence 
on mixing a solution of an alkaline hydroxide, sulphide] or 
carbonate, with a solution of the chloride, nitrate, sulphate, or 
acetate of a heavy metal, a reaction occurs and a precipitate is 
almost invariably formed. 

When a free acid is present with other salts in a solution, and 
a free alkaline hydroxide is added, or vice versa, the first effect 
invariably includes the neutralization of the acid and alkali by 
each other. 

At high temperatures non-volatile adds tend to displace 
more volatile ones, even though stronger: the same is true of 
bases, 

126 The action of mass must be kept in view in analysis, 
the addition of a considerable excess * of one reacting sub- 
stance tends to carry the change in the other to completion: 
in general, a slight excess of reagent is necessary to bring 
about a given change, while a large excess may cause fur- 
ther reactions to take place. 

The effect of varying conditions rnust also be noted, especially 
of temperature and concentration. The presence of free acid or 
alkali frequently exerts an important effect. In some cases 
also the presence of a very small proportion of free acid, 
or of some salt as NH4CI, influences reactions or makes it 
possible for them to take place, while itself undergoing no 
apparent change. 

*By^;irr^w an indefinitely large amount is not meant, but somewhat 
more than the minimum. Addition of a very large excess of reagents is 
nearly always injurious. 
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Chemical changes do not go on instantaneously, many 
requiring a considerable time before equilibrium is reached. 
Application of heat — raising the temperature moderately — 
accelerates reactions. Those reactions in which much heat is 
evolved therefore tend to go on very rapidly: while endo- 
thermic reactions usually require heat to be supplied, in order 
to induce them to go on to any appreciable extent. On the 
other hand, most compounds are decomposed if exposed to 
an extremely high temperature. 

The following experiments may be made to illustrate mass 
jaction, and the effect of varying conditions upon equilibrium: 

Add a little HgSAq to a solution of SbClj in HClAq: then heat the 
mixture strongly. In a cool solution the equation 

2SbCl8Aq + 3H2S Aq=SbaS3 + 6HClAq 
represents the changes taking place; when heated the reaction is 
reversed. 

Take one or two cos of dilute KCNSAq, add a few drops of FeCljAq, 
then HgClaAq until the color almost disappears, then add more FeClsAq. 
Since Fe(CNS)3 is colored and Hg(CNS)2 colorless, both being soluble in 
water, it is easy to see with which metal the (CNS) radical is chiefly 
combined when either metal is in excess of the other. 

To a solution of AS.2O3 in water add H^SAq in considerable excess, 
allow to Stand some minutes, examine, then add a few drops of HClAq 
and warm gently. 

Take three tubes containing a water solution of AsjOs, to one add a 
little HClAq, make a second alkaline, then to each add equal quantities 
of H^SAq, warm gently and examine after standing a few minutes. 

Treat three tubes of NiSOiAq in the same way, using ammonia to 
make the solution just neutral in the third case and strongly alkaline in 
the second. 
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OPERATIONS. 

127 The most important operations in analysis are: the 
solution of solids in liquids, the precipitation of solids from 
solutions, the separation of a precipitate or other solid from a 
liquid \yy filtration or by decantation, the washing of a precipi- 
tate or solid residue to remove the adhering liquid and the 
dissolved matter contained in it, the evaporation of a liquid to 
reduce its bulk, concentrate its contents, or obtain the contained 
solids in the form of a residue, the distillation of volatile liquids, 
and the ignition^ sublimation, ^.n^ fusion of solids. 

128 To dissolve a solid, the finely divided substance is 
digested with the solvent with the aid of heat, usually in a 
test-tube or small flask or beaker : solution may be complete 
or partial ; any residue may be treated with other solvents or 
with fresh portions of the same.* Acids used for solution 
should not be too highly concentrated, as many salts are less 
soluble in water in presence of the corresponding acids; e, g,, 
NaCl is nearly insoluble in concentrated HClAq. 



♦Simple solution is said to occur with solvents such as water or 
alcohol when the evaporation of the liquid leaves the substance un- 
changed in composition: solution with decomposition may occur with 
"chemical solvents** which by reacting yield new compounds soluble in 
water: thus CaCOs dissolves in HClAq to form a water solution of CaClj. 
The solubility of a substance is not to be confused with the rate of solu- 
tion: the former refers to the maximum mass capable of being dissolved 
by a given quantity of solvents, the latter to the mass dissolved in 
a given time: the solubility of solids usually increases, that of gases 
decreases, with rising temperature: the rate of solution varies with the 
surface exposed to solvent, and is increased by stirring or agitation and 
also by hearting in the case of solids; heat bringing currents of fresh 
solvent to bear on the surface, and also supplying the * 'latent heat of 
liquefaction,** as well as increasing the solubility in the case of simple 
solutions and facilitating the reactions in the case of "chemical solutions." 
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1 29 Precipitation is eflFected by the addition of a reagent 
which yields a product insoluble* in the liquid present, 
secondary products usually remaining in solution: generally 
one salt reacts with another metathetically, or one element 
displaces another from a salt. Test-tubes or small beakers are 
the most convenient vessejs. 

Precipitation is much more rapid if the reacting solutions 
are heated; heating and shaking also facilitate the settling and 
separation of precipitates (by making them more dense and 
removing entangled bubbles of air, H,S, CO,, etc., which often 
cause them to float), making the subsequent filtration more 
rapid. Digestion for some time at a gentle heat increases the 
size of the particles and favors filtration. Precipitates are 
classed as pulverulent, crystalline, flocculent, curdy, gelatinous 
etc., but the character often varies considerably with the tem- 
perature and concentration of solutions. An opalescence, cloud 
or turbidity is due to the formation of a slight precipitate in a 
disproportionately large amount of liquid. 

1 30 Filtration is carried out by passing the liquid through 
porous paper, or a loose asbestos plug supported in a funnel 
to retain the solid matter: the paper is first wetted to decrease 
the size of the pores by causing the fibre to swell ; wetting 
also lessens the tendency of the paper to retain soluble matter 
The liquid is guided by a glass rod to the middle of the filter. 

To hasten filtration, liquids should always be heated, unless 
there is some reason to the contrary {e, g., in removing PbCl,); 
as heating greatly reduces the viscosity: the clearer portion 
should be poured on first and allowed to run through before 
adding the portion containing precipitate; if this is not done, 
much time is lost, as a layer of solid matter accumulates on 

* It is to be noted that no precipitates are absolutely insoluble in water, 
though some (e. g.^ BaS04 or AgCl) require several thousand times their 
weights of water to effect solution, a proportion which may be modified 
by the presence of acids or other compounds. 



the paper, and the liquid has to filter through both. Fine 
and gelatinous precipitates particularly tend to clog the filter 
and retard the operation ; this is to some extent remedied by 
previous heating. With finely divided precipitates, the filtrate 
may be turbid at first; it is then passed a second or third time 
over the same filter, the size of the pores being gradually 
reduced by the accumulated particles. 

Precipitates are washed by successive portions of water, 
allowing each to run off before adding the next : if precipitate 
is large, the wash water is added before putting the bulk of it 
on the filter and is decanted upon the filter; hot water is more 
effecti ve than cold, as well as passing through more rapidly. 

Sonne precipitates tend to pass through the filter when 
washed, owing to solubility in pure water; this is partly 
remedied by the addition of some inert salt, or any acid which 
does not react on the precipitate, most precipitates being less 
soluble in presence of other dissolved salts. 

131 Evaporation is best carried on at a gentle heat, not 
allowing the liquid to boil, and in a shallow vessel, so as to 
expose the largest possible surface and to remove the resulting 
vapor as rapidly as possible. Evaporation to dryness must not 
be carried on in beakers, except over a water bath, but they 
may be used if the depth of liquid is considerable: porcelain 
dishes may be safely heated directly over a Bunsen burner* or 
coal-oil lamp, or on a sand-bath : a watch-glass heated on a 
water-bath is convenient for very small quantities of liquid. 

132 Igfiition dind fusion are performed by strongly heating 
in small porcelain or platinum dishes, or with small quantities 
in glass tubes. Sublimation is usually carried out on a small 
scale in glass tubes. See 148. 

Solids are also heated occasionally in currents of gases as 
H, CI, or H,S, passed over them in glass tubes or in crucibles, 
and the residues or condensed volatile products examined.* 

* For details of operations see Fresenius, sections I and 11. 



28 

1 33 All vessels used should be scrupulously clean ; they 
are best cleansed immediately after using, rinsed once or 
twice with distilled water, and left to drain and dry rather 
than wiped. Precipitates adhering to vessels can usually be 
removed by rubbing with a piece of soft rubber tube, about 
^ inch long, fixed at the end of a glass rod. 

REAGENTS. 

134 Reagents may be classified roughly as solvents, pre- 
cipitants, and oxidizing, or reducing agents. 

Solvettts take up solids to form homogeneous liquids. 

Solvents forming simple solutions^ especially water. 

Acids, forming soluble corresponding salts. 

Solutions of alkaline hydroxides, forming salts of the alkali metals. 

Solutions of alkaline sulphides, forming thio-salts of alkali metals. 

Solutions of alkali metal salts (as NH^Cl or KCN) forming double 
salts. 
Precipitants throw down insoluble substances from solutions. 

(a) For metallic radicals; solutions of salts whose acid radicals form 
insoluble compouuds with them: compounds of H, (NH^), Na, or 
K are to be preferred, especially the first two, as they may be 
removed by evaporation and ignition and introduce no metals 
which can interfere with subsequent tests of the solution. Reduc- 
ing agents often precipitate the metals in the free state. 

{b) For acid radicals; solutions of salts whose metallic radicals form 
insoluble compounds with them: those of Ba, Ag, and Pb are most 
• used, and occasionally those of Fe, Cu, Hg and Ca. 
Oxidizing agents tend to add oxygen or a negative radical, or to 

set negative elements free. Those most used are Br, CI, HNOs, 

HNO2, aqua regia, KCIO3 + HClAq and, in the dry way, KClOs and 

peroxides or nitrates. 
Reducing agents tend to remove oxygen or a negative radical, and 
to set metals free. 

The more positive metals, as Zn, Al, or Fe (which may act directly 
or by evolving nascent H), and occasionally Cu or Hg. 

Salts of metals capable of a higher degree of oxidation^ as SnClj 
and FeS04. 

SO2 and HaS are occasionally used and, in the dry way^ C, KCN, 
or Mg. 
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135 LIST OF PRINCIPAL REAGENTS. 

Reagents Used in the Liquid State or in Water Solution. 



Hydrochloric acid, H chloride 
HCl (concentrated and dilutef) 

Nitric acid, H nitrate 

HNOalconcentrated and dilutef) 

Sulphuric acid, H sulphate 

HjSOiC concentrated and dilutef) 
Acetic acid, H acetate... HCjHjO, 

Hydrogen sulphide water 

HaS (saturated) 

Aqua Regia,Nitro-hydrochloric 
acid*..(3HCl+HNOs= 

NOCl+Cl,+2HaO) 

Ammonium hydroxide NH4OH 

chloride NH4CI 

carbonate-CNHJaCOs 
hydrogen carbon- 
ate ...NH4HCOS 

sulphide (NH4)2S 

polysulphide 

(yellow) ...(NH4),Sx 

oxalate (NHJaQO* 

sulphate ....(NHJaSO* 

acetate NHiCjHsOa 

molybdate 

(NH,),Mo04+HNO, 

Potassium hydroxide KOH 

cyanide KCN, KCy 

ferrocy an ide. .. K^Fe^Cye 
ferricyanide...KsFe"'Cy6 

thiocyanate KCNS 

iodide KI 



Sodium hydroxide NaOH 

carbonate NajCOj 

hydrogen phosphate... 

Na,HP04 

hypochlorite NaClO 

Barium hydroxide Ba(OH)j 

nitrate Ba(N08), 

chloride BaCl] 

Calcium chloride CaCla 

sulphate-CaSO* (saturated) 

Silver (Argentic) nitrate AgNOs 

Lead (Plumbic) acetate 

Pb(C,H30,), 

Mercuric chloride HgCl, 

Cupric sulphate CuSO^ 

Stannous chloride SnCl, 

Ferric chloride ...FeCls 

Ferrous sulphate FeSO* 

Cobalt nitrate.....'. Co(N08)j 

Magnesia mixture, ammonium 

magnesium chloride 

MgCl8+2NH4Cl+NH40H 

Chloroplatinic acid HaPtCle 

Fluosilicic acid HjSiFe 

Sulphurous acid.-SOaAq (saturated) 

Oxalic acid* H-^CjO* 

Tartaric acid* HjCiH*©, 

Bromine water l....BrAq 

Chlorine water ClAq 

Alcohol CHsOH (95°/o) 

Starch paste* CeHi.Os 

Carbon disulphide CSa 



permanganate. . . KMn04 

nitrite KNO3 

The water used in analysis must be distilled. 

Reagents Used Dry or in the Solid ^ State 



Sodium carbonate (soda)...NaaC08 
Sodium potassium carbonate 

(fusion mixture) NaKCOs 

Sodium borate (borax) NajBiOTioaq 
Sodium ammonium hydrogen 
phosphate (microcosmic salt, 
phosphor salt)NaNH4H P04.4aq 



Potassium chlorate KClOs 

nitrate KNO, 

cyanide KCN 

r acid sulphate.HKSO* 
\ or disulphate...K2S207 

Barium carbonate 

BaCOs (suspended in water) 



Carbon and metallic Mg, Zn, Al, Fe and Cu are occasionally used for 
reducing, and Ag for detecting S. 
HjS, SO2 and CO2 are occasionally used in the gaseous state. 

•These reagents are best mixed immediately before use. 
t Dilute acids are to be used unless the concentrated are specified. 
For preparation of reagents see Fresenius, Section II. 
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136 General reagents or group reagents are those which 
separate a considerable number of radicals (a group) at one 
operation, usually by precipitating them ; special reagents are 
used to test for particular substances or to further subdivide 
groups. 

The effects of the more important general reagents upon 
solutions of salts of the commoner metals are given in the 
following paragraphs — moderately dilute and approximately 
neutral solutions being understood * 

Traces of impurities occur in most reagents, however carefully prepared; 
most of these may be neglected except in the most refined analyses, but 
the following radicals are frequently present in appreciable quantitits; 
when found in analysis the reagents used should be carefully tested 
for them. 

In hydrochloric acid Fe, As; in nitric acid — CI; in sulphuric acid Pb, 
As, Fe, — NOs; fn potassium or sodium hydroxides Al, —CO,, — SO*, 
— CI; in ammonia — COj; in ammonium chloride Fe; in sodium carbon- 
ate — SO4, — CI; in barium nitrate — CI; in metallic zinc As and Fe. 

1 37 Sodium carbonate precipitates all ihe metals (arsenic and the alkali 
metals excepted) as carbonates or as basic salts; some of these change 
into oxides or hydroxides with escape of CO2. 

All these precipitates are decomposed or dissolved by dilute acids, 
with formation of water, or water and COj. 

CaClaAq + NaaCOjAq = CaCOs + 2NaClAq 

2SbCl3Aq + sNaaCOaAq = Sb^Oa + aCO, + 6NaCl Aq 

SnCljAq + Na^CO^Aq = SnCOH), + CO, + 2NaClAq + H,0 

Nearly every salt, soluble or insoluble, when boiled with a solution 
of Na,COs gives up its acid radical to the sodium, which retains 
it in solution, the base remaining as insoluble carbonate or oxide. 

Salts insoluble in acids mostly give up their acid radicals when 
fused with dry NagCOj, and on extracting with water the acid rad- 
icals pass into solution as sodium salts KaCOj and NaKCOs answer 
the same purpose. 

In many cases, but not in all, the corresponding salts of K, Na, 
and NH4 may be used interchangeably. 

*In presence oj free acid the first effect of any of the five first men- 
tioned reagents— NaaCOa, KOH or NaOH, NH4OH, (NHJaCOg and 
usually of (NHJaS— is to neutralize the free acid. 
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138 Caustic alkalis (either sodium or potassium hydroxide may be 
used) precipitate as hydroxides or oxides all the metals except the 
alkalis, As, Ba, Sr and Ca. The three latter are precipitated from 
strong solutions. An insufficiency often throws down a basic salt 
at first, converted into an oxide or hydroxide by an excess or by 
heating, the hydroxides of the less positive metals showing a ten- 
dency to give up water and pass into oxides. 

Al,(S04)sAq + 6KOHAq = 3KaS04Aq + 2Al(OH)5 
2AgN05Aq + 2KOHAq = 2KNO,Aq + Ag,0 + H,0 
All these precipitates are converted into salts by dilute acids. 
Those of Sn, Pb, Sb, Al, Cr, and Zn dissolve in an excess of 
KOHAq, forming potassium stannate or stannite, plumbite, chro- 
mite, zincate, etc. 

Al(OH)3 + KOHAq = KAlOjAq + 2H,0 
These precipitates again form on carefully neutralizing the 
alkaline solutions, or on adding NH4ClAq. 

KAlOjAq + HClAq + HjO = KClAq + Al(OH), 
KAlOjAq + NH4ClAq + H,0 = KClAq + NH, Aq + Al(OH)s 
The precipitates of Ag, Cu, Cd, Zn, Ni, and Co are more or less 
soluble in NH40HAq, those of Cu, Cd, Zn, Ni, Co, Mn and Mg 
dissolve in NH4ClAq, and any of these eight in a mixture of both. 

139 Ammoniufn hydroxide precipitates more or less completely all 
the metals except the alkalis, Ba, Sr, Ca, and As. 

Most of these are precipitated by reactions similar to those of 
KOH as basic salts, hydroxides, or oxides; but a few {e, g.^ Hg) as 
amides or complex ammonium salts: 

HgClaAq + 2NH40HAq = NH,Hg^^Cl + NH4ClAq + 2H,0 

The precipitates of Ag, Cu, Cd, Ni, Co, Zn redissolve readily when 
an excess of ammonia is added, those -of Cr and Al very slightly: 
those of Mn and Mg, and of Zn, Ni, and Co, (and Fe^''' to some 
extent) dissolve in NH4ClAq which acts by forming double chlo- 
rides, e,g, (NH4)2MnCl4, and in solutions of other ammonium salts, 
which prevent their precipitation if previously added, but facilitate 
precipitation of Fe-'^^, Al, and Cr. 

ITie precipitates are generally decomposed or dissolved by dilute 
acids. 
Ammontum carbonate precipitates the same metals as NH4OH as 
carbonates or basic carbonates, the reactions generally correspond- 
ing to those of Na2COs, and the solubilities of the precipitates being 
similar to those formed by NH4OH. Ba, Sr, and Ca are also pre- 
cipitated as carbonates, slightly soluble in NH4ClAq but dissolved 
by dilute acids. 
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1 40 Normal ammomum sulphide [(NH4)jS] is prepared by saturating 
the hydroxide with HjS (forming NH^HS) and then adding more 
NHiOHAq: when exposed to light it becomes yellow and con- 
tains polysulphide [(NH4)2Sx]: the latter may be also made by di- 
gesting the normal sulphide with a little free sulphur. From neutral 
or slightly acid solutions (NH4)2S precipitates all the heavy metals 
as sulphides^ and Cr and Al as hydroxides with escape of HjS. 
MCljAq + (NH4)2SAq = MS + 2NH4ClAq 
AMS04)8Aq + 3(NH4)^Aq+i^20 = 2Al(OH),+ 3(NH4)^04Aq+3H3|S 
The precipitates of As, Sb, and Sn dissolve readily in an excess 
of yellow ammonium sulphide, those of Ni and Cu are slightly 
soluble; the solutions contain thio-salts (sulpho-salts) — ammonium 
thiostannate, thio-arsenite, etc. On acidulating these solutions the 
sulphides are again precipitated. 

Hot nitric acid attacks all the precipitated sulphides except HgS, 
usually forming nitrates, free S and oxides of N (chiefly NO), some 
of the S being also oxidized to SO5; the equations 

SM^^S + 8HNO, = sMCNO,), + 3S + 2NO + 4H2O and 
S + 2HNO8 = H,S04 + 2NO 
partially representing the changes: more or less NOa is often formed 
when the acid is concentrated. The sulphides of Pb, Sn, As, and 
Sb are more or less oxidized to PbS04, SnO(OH)a, AS2O5 (or 
H8ASO4), and SbjOs, especially when cone. HNO3 is used. 
Hydrogen sulphide is prepared by acting on FeS with dilute HClAq 
or H2S04Aq, the solution by passing the gas into cold water, pre- 
viously boiled. From acid solutions H2S precipitates only Ag, Hg, 
Pb, Cu, Cd, Bi, Sn, Sb, As as sulphides. From neutral or slightly 
alkaline solutions, or solutions of acetates, it also precipitates Co, 
Ni, Zn, Mn, and Fe more or less completely; from strongly alkaline 
solutions As, Sb, and Sn are not thrown down. For solubility of 
sulphides see under amnlonium sulphide. H2S and (NH4)2S react 
with suspended precipitates, hydroxides, basic salts, etc., as well as 
solutions. 

HjS is very rarely used as a reducing a^ent in analytical work: it 
precipitates the sulphides by metathetical reactions, setting acid free- 

M^^R^aAq + HjSAq = MS + 2HRAq 
but some strong oxidizing agents are reduced by it with precipitation 
of S and removal of O or some acid radical to form HjO or free acid: 
iFeCUAq + HjSAq = 2FeCl2Aq -|- 2HClAq + S 
KaCraOTAq + SHClAq + 3H2S = 2KClAq + 2CrCl3Aq -|- 7H,0 + 3S 
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141 Sodium phosphate precipitates all metals but the alkali group and 
As as phosphates, soluble in acids. 

Potassium cyanide precipitates most of the heavy metals (except W%" 
and As) as cyanides, many of them dissolving iii excess as double 
cyanides (especially Ag, Cu, Cd, Zn, Ni, Co, Fe-'-') some of which 
are reprecipitated on neutralization. Ste also 146. 

Potassium ferrocyanide precipitates most of the heavy metals from 
slightly acid solutions: the ferrocyanides of Fe (blue), Cu (brown), U 
(brown), Zn (white), Ag (white), are characteristic; all are decom- 
posed by KOH, reforming K4FeCy6. 

Soluble chlorides^ as HCl, precipitate Ag, Hg from mercurous salts 
(and Pb from strong solutions). 

Soluble sulphates precipitate Ba, Sr, Pb (and Ca from strong solutions). 

1 42 Ammonium chloride forms double chlorides with certain metallic 
radicals (especially Mg, Mn, Cu, Cd, Ni, Co, Fe''-') and prevents their 
precipitation by NH4OH. When ammonia is added to solutions of 
chlorides a certain amount of NH4CI is formed, and still more when 
free HCl is originally present. 

It is also used occasionally to convert into chloride the metal of a 

fixed alkali (KOH into KCl) or the K in salts of weak acids. See 138. 

Ammonium acetate is sometimes added when it is desirable to remove 

free HCl or other strong acid and replace it by acetic, without 

neutralizing the solution: or to convert other salts into acetates: 

HClAq + NH4(CaH50a)Aq = H(C2H»02)Aq + NH4ClAq 
FeCljAq + 3(NH4)(C2H,0,)Aq = Fe(C,H50a)8Aq + 3NH4ClAq 
It is also used to precipitate Al, Cr, and Fe''^'', as on boiling their 
acetates are decomposed, precipitating basic acetates or hydroxides, 
which remain insoluble as long as liquid is hot: 

2Fe(C2H,02)8Aq + 3H2O = 2Fe(OH)3 + eHCaHsO^Aq 

BLOWPIPE TESTS 

143 Tests made "in the dry way" are very useful in the 
preliminary analysis of solid substances, being rapidly per- 
formed and requiring but small quantities of material. 

A convenient pattern of blowpipe is that known as Black's 
(F>g- Ol it should have a mouthpiece of wood or rubber and 
a nozzle made to screw on. 

The blowpipe is used with a luminous flame about 4 cm. or 
I ^ inches high, such as that of an oil lamp, candle, or Bunsen 
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burner with air holes closed. Some practice is necessary in 
order to keep up a continuous and uniform blast. 

144 The oxidizing flame (O.F. see Fig. 2) is produced by 
holding the blowpipe nozzle very near the burner and well 
into the edge of the flame; on blowing gently a blue non- 
luminous cone is produced; the hottest point (H) is just out- 
side the tip of this inner blue portion, and all beyond this 
(as at O) is oxidizing^ its effects being due to the heated 
oxygen of the atmosphere. 

The reducing flame (R.F. see Fig. 3) is formed by holding 
the nozzle a little higher and just at edge of flame; all within 
the blue cone is reducing, owing to the presence of unoxidized 
C and H compounds derived from the fuel. 

145 Borax beads are made by taking up a little borax 
(Na^B^Oj loaq) in a circular loop (Fig. 4) ]/i inch in diameter, 
at end of a platinum wire, and heating till it fuses to a clear 
glass; a little of the powdered material to be examined is then 
taken up and heat is again applied. Fused borax dissolves 
most metallic oxides and is colored by some, the colors in 
O.F. and R.F. frequently differing. 

Beads of sodium metaphosphate (NaPOj) are formed in the 
same way by heating microcosmic salt (NaNH4HP044aq) 
which loses water and ammonia. These are much more fluid 
than borax beads, they must be held at first as shown in Fig- 
5, so that the salt is heated rather than the wire. 

146 Tests on charcoal are made with a slip of coal sawn 
about an inch wide. The assay is placed in a shallow cavity 
near one end and the flame directed upon it while held in an 
inclined position; in the O.F. many substances form sublimates 
on the face (S, Fig. 6), usually consisting of oxides, the dis- 
tance from the assay being a measure of the volatility; in R.F. 
many oxides and oxysalts are also reduced to metal, some 
more readily if mixed with Na^CO, or KCN. 
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The coal is used primarily to give an infusible non-conductive support 
for the assay, the carbon acts also as a reducing agent forming CO or 
COj with the oxygen of oxides. It does not reduce sulphides or chlo- 
rides until these have been fused with NajCOj, which reacts with other 
salts forming carbonates, which usually lose CO2 forming oxides, many 
of these being finally reducible by the heated charcoal or the gases of 
the reducing flame. Thus, there being an excess of NajCOa: 

PbS + NaaCO, = Na,S + PbCO, = Na^S + PbO + CO,, 
2PbO+C = COa + 2Pb 
Fused KCN reduces sulphides and oxides, forming KCNS or KCNO. 
PbS + KCN = KCNS + Pb 
PbO+KCN = KCNO + Pb 
Many sulphides are reduced by charcoal without fluxes, if first 
"roasted*' by the O.F. to oxides. 

CuS + 30 =SOa + CuO 
The surface of the coal must be cleaned carefully before a second use. 

1 47 Fusions on platinum are made in a spoon (Fig. 8) or 
piece of thin foil held in forceps, usually with NaaCOj (or the 
more fusible NaKCO,) and some oxidizing agent as KClOj. 
Reducing agents must be avoided, as reduced metals injure 
the platinum. This alkaline flux converts compounds of acid- 
forming elements into salts of the alkali metals. 

Potassium disulphate (KjSjOt) is an acid flux, sometimes 
used to convert refractory metallic compounds into sulphates; 
it liberates SO, at a red heat, leaving KaSO*. 

148 Closed tubes (Fig. 9) are made of moderately hard 
glass and should be about 3 inches long by f^ in bore, closed 
at one end ; if held aslant and heated volatile substances placed 
in them form sublimates, and decomposable ones may give oflT 
water or gases recognizable by various tests. They are easily 
made by taking a piece of tubing 6 inches long, heating the 
middle with the blowpipe flame, turning constantly till soft, 
drawing out, heating the end of each half and blowing to 
round the bottom. 

Open tubes (Fig. 10) are slightly longer and wider, they are 
occasionally used to oxidize sulphides, etc., an up-current of 
heated air passing over the assay. 
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149 Flame tests are made by taking up a solid or strong 
solution on a platinum wire (previously cleaned by dipping in 
HClAq and igniting) and holding in a colorless Bunsen or 
blowpipe flame; some volatile substances then produce char- 
acteristic colors. By holding the wire first in the cooler por- 
tions of the flame (as at a. Figs, ii and 12), and gradually 
moving it into the hotter portions {b and c), some idea of the 
volatility of the substance may be gained. Metallic chlorides 
are generally more volatile than oxides or other salts, hence 
flame colorations are best obtained after moistening with 
cone. HClAq. Some compounds require to be decomposed 
with hot cone. HjSO* before making this test. 

The wire used for flame colors is best kept distinct from 
that used for borax beads: each should be kept in HClAq 
when not in use. 

150 SCHEME OF LABORATORY WORK. 

After looking over the preceding pages perform {a) the pre- 
liminary exercises on the reactions of radicals (151) and separa- 
tion (152), the latter includes the more important operations that 
will be met with. Then {b) work systematically through the 
blowpipe to/iy for the various metals (Part 2), using any of their 
solid compounds. Similarly {c) work through the reactions 
in solution of the metals of the silver group, using solutions of 
the nitrates. From the tabulated list of their reactions 
(212) draw up schemes by which these three radicals may be 
separated from one another, starting with a mixed solution of 
the three nitrates. 

(a) Take a solution of the nitrates of the silver group met- 
als, precipitate the chlorides and separate them by the method 
given in table for Precipitate I.- Write all the equations in- 
volved. 

(e) Take a second solution containing chlorides of all thje met- 
als of the alkalis and alkaline earths: treat with NH4CI 
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NH4OH, and (NH4),COs, filter, and test precipitate and fil- 
trate for the metals contained: see table III §V and §VI, and 
table IV for Pp V and VI. 

(/) Take a third solution containing chlorides of all the metals 
of the iron group: prove presence of each, following table 
III §111 and §IV, and table V for Pps III and IV. 

( g) Similarly test a fourth mixture containing nitrates or chlo- 
rides of all the metals of the copper and arsenic groups : first 
converting them into sulphides by H,S and treating the washed 
precipitate with (NH4),SAq or KOHAq: following table III 
§11 and table VI. 

In each case endeavor to ascertain the principles involved in 
the separations and the reasons for adding each reagent used : 
the notes at end of book should be consulted, and whenever 
a definite compound is formed, the equation corresponding to 
the reaction should be written. The typical equations in 137 
to 142 will be of some assistance. 

Whenever any doubt arises as to the identity of a precipitate 
confirm it by the tests given under the head of the respective 
metals in text, and compare with the effects of the same 
reagents on a known solution of the same metal. 

(A) Work carefully through the reactions of the acids, apply- 
ing the tests given in Part 3 to solid salts of these acids, or to 
solutions of their Na, K or (NH4) salts. 

{k) A number of simple substances (10 or 12) in the solid 
state should then be tested and their composition determined 
by blowpipe methods, the effect of water and acids (see table 
II); followed by a similar number of simple substances in 
solution (see tables I and II), the metal and acid radical being 
determined in each. 

(m) Finally, a number of complex mixtures, solids or solu- 
tions, will be given for determination of all the metals and acid 
radicals ; all the indications should be confirmed by character- 
istic tests. 
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151 THB IDENTIFICATION OF A PARTICULAR 
SUBSTANCE 

Take a small crystal of copper sulphate : examine its form, 
color, etc.; observe how readily its powder is soluble in water. 
Heat a fragment in a closed tube. Take a clean glass plate, 
put on it a few drops each of saturated solutions of various 
cupric salts, e.g., the sulphate, chloride, nitrate, acetate, and of 
any metallic sulphates — e. g,, those of Fe, Zn, Mg, (NH*), Na. 
Leave them to evaporate for some time, examine crystals 
formed. Take dilute solutions of the same salts: to small 
portions (2 or 3 ccs) of each add NH^OHAq little by little till 
the mixture smells strongly; to other portions add BaCl,Aq, 
followed by HClAq, and Pb(C,H,0,),Aq followed by HNO,; 
to others, HClAq + H,SAq, K^FeCyeAq or any of the re- 
agents mentioned in (217). 

It will be observed that certain effects, e. g,, the brown 
precipitate with ferrocyanides, and the blue solution with 
ammonia, are always observed when the radical Cu'^ is 
present; others, as the white precipitates with Ba and Pb 
salts, are only seen when a sulphate is present. The reactions 
of the metallic radical in cupric salts are independent of 
the nature of the acid radical combined with it, and those 
of the acid radical in solutions of sulphates are the same, 
whatever metal may be present ; the same is true of nearly all 
salts, so that in general it is possible to test for the metallic 
radicals and acid radicals independently. If, however, a 
metal forms part of an acid radical its reactions are frequently 
modified, e. ^., to a little CuSO.Aq add KCNAq till the 
precipitate redissolves to a clear liquid: it now contains 
K,(CuCy4) or a similar compound : test portions of this solu- 
tion with NH4OH, H,S, or K4FeCy«: the changed behavior is 
due to the Cu being now a part of the acid radical: by acidu- 
lating the solution with HjS04 the copper again forms CUSO4, 
which reacts as before. 
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PART II. 



REACTIONS OF COMPOUNDS OF THE 
METALS. 

201 These are studied in the order in which they are usually pre- 
cipitated in the examination of complex substances, that is, they are 
grouped according to the solubility of their chlorides, sulphides, hy- 
droxides and carbonates in water, acids and ammoniacal solutions. 
See Table I accompanying this book. 

The less positive metals fall in the two groups first precipitated, the 
most positive in the last group, but there is no strict agreement between 
the grouping and the electro-positive character, or the periodic arrange- 
ment. 

The metals are often classified as alkali metals (Na, K, Li, Rb, Cs), 
metals of the alkaline earths (Ba, Sr, Ca, Mg), and heavy meia/s^ includ- 
ing all others: the latter are all precipitated from solution by ammonium 
sulphide (140), but a distinction may be made between heavy metals 
proper, which are precipitated as sulphides, and metals of the earths 
{e.g.^ Al and Cr) which are precipitated by ammonium sulphide as hy- 
droxides, and which do not form sulphides in the wet way. 

It should be noted that there is no sharp natural distinction between 
metals and non-metals, some elements {e, g.^ Te, Se, As, H) being as- 
signable to one class by virtue of certain properties, and to the other by 
others. 

In cases where so-called metallic elements also form acids the be- 
havior of the latter is studied with that of the metallic radicals, and 
when a metal forms two or more classes of salts they are studied together 
unless they fall in separate groups in analysis, as is the case with the 
salts of iron and mercury. 

In systematically studying the reactions in solution some salt of one of 
the stronger acids should be used, preferably the chloride or nitrate, as 
these are the forms in which the metals usually occur in the solutions 
obtained in actual analyses: for the blowpipe tests almost any solid com- 
pound may be used, such as one of the precipitates obtained in working 
with the solutions. 

The symbols in italics indicate reagents, generally in water solution, 
added to the solutions under examination. 

(42) 
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Metaes Precipitated from Acid Solutions by Hydrogen 

Sulphide. 

202 These form the Silver, Copper, and Arsenic groups, 
and include the less positive metals. Soluble salts of all these 
metals with strong acids redden litmus: most of them are 
easily reduced from their compounds. 

SILVER GROUP. 

Pb, Ag, Hg' in mercurous salts. 

203 The chlorides of the metals of this group are white and 
insoluble or difficultly soluble in water; the bromides, iodides 
and sulphates are difficultly soluble. The sulphides are black 
and insoluble in solutions of alkaline sulphides or hydroxides 
aiid in dilute acids. Their solutions are easily reduced, e, g., 
by metallic zinc, in the order Ag, Hg, Pb, and their solid 
compounds by heating with Na,COj and charcoal. 

LEAD: Pb'' 

204 Blowpipe Tests: Heated on charcoal with NajCO, 
in inner flame all compounds yield beads of metal, malleable 
and so soft as to mark paper, the metal is oxidized* by outer 
flame. A sublimate of oxide forms rather near assay, orange 
to yellow while hot, yellow to white cold, volatile, can be. 
driven about by flame which is colored blue (compare Bi). 
The oxide and most oxysalts are reducible without fluxes. 

*CupellaHon: If a few grams of powdered bone-ash are compressed* 
into a hollow in charcoal, and a piece of metallic lead is placed in a 
slight cavity in the heated bone-ash and kept covered by an ojfid- 
izing flame it is gradually oxidized and the fused PbO absorbed: 
any non-oxidizable metals (Au, Ag, Pd, Ft) previously alloyed with the 
lead are left in the metallic state, others (Sn and Fe) leave infusible 
oxides, while others (Cu) are oxidized and carried off by the PbO, if the 
proportion of lead is large enough. 
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205 Reactions in Solution: for practice use Pb(NO,),Aq. 
lfC7 (or any soluble chloride) pps white PbCl,, but incom- 
pletely^Mnd only from the stronger solutions, PbCl, being 
soluble in 130 parts of cold or 33 of boiling water, crystal- 
lizing out on cooling; NH4OH converts it into PbClOH, 
which is insoluble even in hot water. 
//aS pps black PbS insoluble in alkalis or cold dilute acids, 
soluble in hot di/ute HNOsAq as Pb(N08)2, S separating; 
cone, HNO3 oxidizes it to white insoluble PbSO^. Cone. 
HClAq and HaSO* convert it into chloride or sulphate. 
See also under Copper group (21^^^ 
H^SO^ (or any soluble sulphate) pps PbSO*. insoluble in 
excess, ppd completely on addition of alcohol,j somewhat 
soluble in dilute HClAq or HN08Aq,C§oluble in KOHAq 
as KaPbOa (plumbite), and in NH4C2H302Aq forming a 
doubfe acetate. Pp is decomposed by hot NaaCOjAq. 
KOH pps white Pb(OH)a or basic salt, soluble in excess as 
... KaPbOa. 
NHJDH pps white basic salt, insoluble in excess, but no pp 

is usually obtained from the acetate. 
Na^CO^ pps white basic carbonate, insoluble in KCNAq. 
K^Cr^Oi pps yellow PbCrO*, soluble in KOHAq, insoluble in 

acetic acid and in very dilute HNOgAq. 
KI pps yellow Pblj, soluble in hot water or in cone. KIAq. 

Many other reagents give pps from solutions of lead salts 
often with colors characteristic of the acid radicals,* but nearly 
all lead compounds (except PbS) are soluble in an excess of 
KOHAq, and most of them in HNOaAq, but not in KCNAq. 
Plumbites {e. g., KaPbO,), derived from the anhydride PbO, 
occur in alkaline solutions, as when Pb(OH)a and lead salts 
are treated with KOHAq, they are decomposed on neutral- 
ization. Plumbates are derived from the anhydride PbO,, 
and are decomposed by HQAq with evolution of CI. 
* See. reactions of the acids in Part 3. 
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SILVER: Ag'. 

206 Blowpipe Tests: for practice use any solid com- 
pound, as Ag3 or any of the precipitates obtained by the 
reagents in 207. 

Heated on charcoal with Na,COs all compounds yield beads 
of white metal, difficultly fusible and not oxidizable. Most 
compounds are reduced on charcoal without flux. 

207 Reactions in Solution : for practice use AgNOjAq./ 
HCl (or any soluble chloride) pps white curdy AgCl, dark- 
ened by sunlight, fused by strong heating; insoluble in acids 
unless added in great excess, soluble in NH40HAq (as 
AgCl (NHOx Aq),and in KCNAq (as KAgCy,) reppd byacid- 
ulating with HNOj; soluble in Na^SjOsAqCas Na4Ag,(S,Oj)8,) 
and slightly in solutions of chlorides (NaCl, etc.) 

HfiS pps black AgjS, insoluble in alkalis or acids, except 

hot HNO3 (140), difficultly soluble in KCNAq. 
{NH^^S pps also AgjS, insoluble in excess. 
KOH pps brown AgjO, insoluble in excess, soluble in 

NH^OHAq. 
NH^OH^^s Ag20,very readily soluble in excess (as NH4AgO), 

and in some ammonium salts: no pp forms in weak solutions'. 
KCN pps white AgCN, soluble in excess or in NH40HAq, 

reppd by acidulation : pp is decomposed by hot cone. 

HNOs or by strong heating, otherwise is like AgCl. 
Metallic copper and most other metals pp metallic silver; 

many other reducing agents, as gaseous PHj and AsH^, pp 

Ag; Hg reduces Ag forming an amalgam. 

Precipitates are thrown down from silver solutions by many 
other reagents, but all of them dissolve in KCNAq (as 
KAgCy,) and most of them either in NH40HAq or in 
HNOjAq, the colors and solubilities affording distinctive tests 
for the acid radicals.* These are reprecipitated from the 
ammoniacal and cyanide solutions, usually in the same form, 
by acidulation with HNOg. 

♦See reactions of the acids in Part 3. 
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MERCURY: Hg' or Hg". 

208 Blowpipe Tests (tests applicable to either mercurous 
or mercuric compounds) : use any solid compound. Heated 
in closed tubes all mercury compounds either sublime 
unchanged {e. g., HgCl, HgCI,, HgS) or are decomposed 
{e. g.y HgO and oxysalts) yielding a mirror-like sublimate 
of metal. Heated with diy NaaCOg in closed tubes all com- 
pounds give a silvery mirror or globules of metal. Heated on 
charcoal all give remote and extremely volatile sublimates. 

209 Reactions in Solution: applicable to any solution, 
Metallic coppery in presence of free acid, becomes gradually 

coated with silvery metal, whicji is removed by gentle 
heating. 

ZinCy and most other metals, become gradually amalgamated. 

SnCl^i in excess, gives a gray precipitate of metal. 

N. B. All the mercury precipitates (210,214) are soluble in 

aqua regia, 

MERCUROUS SALTS : Hg^ Compare 213. 

210 Reactions in Solution: use Hg'NOs dissolved in 
dilute HNOsAq. 

Water, added in excess, partially pps white basic salts (^e.g., 
Hg20.2HgNO») unless a fair proportion of free acid is 
present. 

HCl (or a soluble chloride) pps white HgCl, insoluble in 
dilute acids, except hot HNOaAq or aqua regia, slightly 
soluble in boiling HClAq (forming soluble Hg" salts): 
NH4OH blackens pp forming insoluble NHjHg'jCl or 
Hg + NH,Hg''Cl. 

KOH pps black Hg^O, insoluble in excess. 

NH^OH ^"ps black mercurosammonium compounds. 

H^S pps black HgaS (= Hg + HgS) insoluble in dilute acids, 
even hot HNOaAq; hot cone. WNO3 yields a white insol- 
uble sulpho-nitrate. 



I 
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(JVII^\S g^ives the same pp, insoluble in excess. 

K^Cr^Oi pps orange HggCrO* or a basic chromate. 

SnCl^ pps gray metallic Hg mixed with HgCl, an excess 

reduces it completely on warming. 
Oxidizing agents, CI or Br, cone. HNOg, or aqua regia oxidize 

mercurous to mercuric compounds (see 214). 

211 The rare metal Thallium is precipitated from Thajlous salts 
(TK) by HCl as TlCl : it is best recognized by the intense green flame 
coloration or the characteristic green spectroscopic line. 

212 Separation of the Metals of the Sliver Group. 

Tabular comparison of reactions 





Pb 


A^ 


Hg^ 




HCl, with solutions 


White pp 


White pp 


White pp 




+ NH40HAq 


insoluble 


soluble 


blackened, 


insol 


+ KOHAq 


soluble. 


insol. 


blackened, 


insol 


KOHAq 


white pp 


brown pp 


black pp 




in excess 


spluble 


insol. , 


insol. 




NH40HAq 


white pp 


brown pp 


black pp 




in excess 


inso). 


soluble 


insol. 




H,S04 added to 


\ 








dilute solutions 


white pp 


nopp 


no pp 




H^ 


black pp 


black pp 


black pp 





Heated on charcoal Red. to metal Red. to metal Volatilized 
with NajCOs oxidized by O.F. not oxidized 

From this list it is evident that several schemes may be 
devised for separating these metals from one another, starting 
with a solution of the nitrates. Draw up as many such 
schemes as seem possible, using this list and any other 
available data. "^ 

Take a solution containing all these metals (about 10 ccs of 
a solution of about J^ % of each is convenient) precipitate by 
HCl Aq and separate them, following directions in tables II and 
IV. Then separate them in another portion by one of the 
other systems devised. 
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COPPER GROUP. 

Hg", Pb, Cu, Cd, Bi. 

213 Hydrogen sulphide precipitates all the metals of this 
group as sulphides, insoluble in dilute acids. Alkaline car- 
bonates precipitate them as carbonates, usually basic, and 
sodium phosphate as normal phosphates. 

^|02U MERCURIC SALTS: Hg''. See 208, 209, and 

compare 210. 

Reactions in Solution : Use HgCl,Aq, or Hg(N05)i in 

dilute HNOjAq. 

HCl gives no pp. 

Water^ added in excess, partially pps the nitrate and oxy- 
salts, as white basic salts or yellowish HgO, unless a fair 
proportion of free acid is present, but does not affect HgCl,. 

KOHpv Na^CO^ pps brown basic salt or yellow HgO; insol- 
uble in excess. 

NHJOH pps white mercuric-ammonium salt; insoluble in 
excess; soluble in HClAq. 

H^S gives a pp, white at first (HgaSCU. etc.) which with more 
HjS becomes yellow, brown and finally black HgS ; insol- 
uble in acids, even in boiling HNOsAq (cone. HNOs slowly 
forms white insoluble HgsS2(N03)2); insoluble in NH40HAq 
or (NHJaSAq; somewhat soluble in NajSAq+NaOHAq; 
soluble in aqua regia, 

(N/f^\S gives the same white pp, finally black HgS ; insol- 
uble in excess. 

K/ pps orange or red Hgl,; soluble in excess. 

SnCli pps white HgCl at first; larger quantities reduce this 
completely to gray metallic Hg. 
Mercuric solutions are highly corrosive, attacking many 

metals {e, g.^ Ag, Fe) and being reduced to mercurous salts or 

to metal (see 210). 
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215 LEAD: Pb''. See also under Silver Group. 
Lead chloride is somewhat soluble in water, hence some 

Jead always remains in solution after the silver group is 

precipitated. 

H^S pps black PbS; if it is added in excess to a sufficiently 
dilute solution the precipitation is complete; presence of 
much free acid tends to retain it in solution. In presence 
of much free HCl a brick-red pp of sulpho-chloride (e.g-,, 
PbjSCla) may form, converted into PbS by an excess of 
HjS. If not completely removed by HgS Pb is very apt to 
be mistaken for metals in other groups. 

COPPER: CUPRIC SALTS: Cu". 

216 Blowpipe Tests: use CuSO* or CuO. 

Flame is colored a vivid blue-green by compounds mois- 
tened with HClAq: green in absence, of CI. Borax bead in 
O.F. is green hot and bluish cold, in R.F. opaque red on cool- 
ing if much Cu is present, forming Cu^O. Heated on charcoal 
in R. F. with NajCOs compounds are reduced to red metal, 
difficultly fusible; oxysalts are reduced without flux. 

217 Reactions in Solution: use CuS04Aq. 
Crystallized salts and solutions are generally blue or green. 

KOH pps bluish Cu(OH)2, insoluble in excess, except in 
presence of organic matter; soluble in NH^OHAq (blue) 
and in KCNAq (colorless); on heating the pp is converted 
into black CuO. 

NHjOH pps bluish basic salt, soluble in excess (azure blue) 
as CuS044NH8Aq; KCN removes this color. HjS added 
to blue solution pps black CuS, but does not affect the 
colorless double cyanide, 

H^S pps brownish black CuS, insoluble in dilute HClAq or 
HjSO^Aq; soluble in hot dilute HNOsA<i and in KCNAq. 

{NH^^S pps CuS, slightly soluble in excess, especially of 
the yellow salt, reppd by acids, liver-colored. 
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Na^CO^ pps greenish basic carbonate Cu2(OH)2C08, black 

CuO on boiling, soluble in KC^f Aq. 
K^FeCy^ pps brownish CuaFeCye or K,CuFeCy«, insoluble in 

acetic acid, decomposed by KOH. 
Bright metallic iron reduces red metallic Cu and is plated by it; 

Zinc pps it, sometimes in a black form; Aluminium reduces 

Cu readily in presence of a chloride or from a hot solution : 

if platinum is placed in contact with either of these metals 

the ppd Cu is deposited on it. 

All the precipitated copper compounds are soluble in 
KCNAq as double cyanide (KjCuCy*, etc.) and most, except 
CuS, in ammonia and in dilute HNO,Aq. 

218 Cuprous salts are rarely met with, and readily oxidize 
to cupric, acting as strong reducing agents: most are difficultly 
soluble in water: CuCl js white. 

CADMIUM: Cd^ 

219 Blowpipe Test: on charcoal in R.F. compounds give 
a brown sublimate, very volatile and transient, the flame being 
momentarily colored brown. 

220 Reactions in Solution: use Cd(NOs)jAq or CdCljAq. 
KOH pps white Cd(OH)2; insoluble in excess. 

NHjOH pps white Cd(OH)j, soluble in excess, soluble in 
KCNAq as K^CdCy^. H2S pps these alkaline solutions 
(compare Cu). 

H^S pps yellow finely pulverulent CdS, which tends to pass 
through filter; insoluble in very dilute acids; soluble on 
warming and in H2S04Aq; insoluble in alkalis, alkaline 
sulphides and in KCNAq. 

{NH^^S pps CdS; insoluble in excess. 

Na.^COi pps white^CdCOs; soluble in KCNAq. 

Nearly all Cd precipitates, except CdS, dissolve readily in 

KCNAq as K2CdCy4. 
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BISMUTH: Bi'". Compare Pb (204) and Sb (234). 
221 Blowpipe Tests: heated on charcoal Bi compounds 

are very easily reduced to fusible beads of brittle metal ; giving 
^ sublimate (BiaOs) yellow to brown hot, white to yellow 

cold; volatile, exactly like that of PbO, but without coloring 

flame. Addition of flux is rarely necessary. The metal can 

be cupelled like Pb. 

999 Reactions in Solution: use Bi(NOs)s dissolved in 

dilute HNOsAq. Bismuth salts are only completely soluble 

in water when free acid is present. 

Water, in excess, incompletely pps white basic salts, or salts of 
the radical bismuthyl BiO {e, g,, BiONOs), from solutions 
which do not contain too much free acid. The oxychloride, 
or bismuthyl chloride (BiOCl), is one of the least soluble of 
these, hence the addition of a little HCl facilitates precipita- 
tion. The basic salts dissolve in HClAq or HNOjAq, 
not readily in tartaric acid (compare Sb). 

KOH or NH^OH pps white BiOHO, becoming yellow; 
insoluble in excess, soluble in dilute HClAq. 

Hj!S pps brown-black Bi^Sj; insoluble in dilute acids, alkalis 
or KCNAq; soluble in hot dilute HNO^Aq. 

{NH^^S pps BiaSa, insoluble in excess. 

Sn^'Ck + excess of KOH {^ K^Sn^'O., -|- KOH) reduces black 
BiaOa. KaSn^^Os being formed. 

K^Cr^O-i pps yellow basic chromate BiaOCCrO*),, soluble in 
acids, insoluble in KOHAq: compare Pb. 

Na^CO^ pps white (BiO)2C03, insoluble in KCNAq. 
Bismuth precipitates are insoluble in alkaline solutions. 

Rarer Metals of the Copper Group. 

223 Palladium, Rhodium, Ruthenium and Osmium are met 
with as native elements alloyed or associated with Au, Pt and Ir. Pd 
resembled Ag but is less fusible and is difficultly soluble in acids, except 
aqua regia, attacked by fused HKSO4: with KIAq its solutions {e,g,, 
PdClj^ give a black pp of Pdlj. The others are infusible in the blowpipe 
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flame, but Os is oxidized by the outer flame or by HNOsto volatile OsO* 
with an odor like CI. Rh is attacked by fused HKSO* giving a reddish 
soluble double sulphate. Ru and the alloy of Os + Ir are very little 
affected by aqua regia. The solutions of the chlorides are reduced to 
metal by zinc and aluminium: and the solid compounds (except those of 
Os) by heat. 

Separation of the Metals of the Copper Group. 

224 The copper, silver, and arsenic groups are copre- 
cipitated as sulphides by addition of HgS to an acid solution. 
A fair proportion of free acid insures the non-precipitation of 
the iron group metals. A prior treatment with HCl removes 
the silver group as chlorides, and a subsequent treatment of the 
precipitated sulphides with (NH4)2SAq, KOHAq or NajSAq 
removes the arsenic group as thio-salts, together with a por- 
tion of the HgS or CuS, leaving the metals of the copper 
group as sulphides. From the mixed sulphides HgS is 
always first removed by its insolubility in hot HNOsAq: 
Bi and Pb are then separated fron;i Cu and Cd by the insol- 
ubility of the former carbonates in KCNAq or of the 
hydroxides in NH^OHAq; the differences in solubility of the 
sulphates of Bi and Pb in H2Sp4Aq, and of the sulphides of 
Cu and Cd in KCNAq or H2S04Aq, complete the separation. 

ARSENIC GROUP. 

- Asi Sb, Sn. 

225 These are all capable of two degrees of oxidation. 
They are the least positive of the metals. As having most 

of the characteristics of a non-metal, it and Sb forming gaseous 
hydrides. The oxides of As and Sb act as acids in nearly all 
cases, that of Sn frequently. All form chlorides, but not car- 
bonates, and few salts with the weaker acids As and Sb form 
no nitrates, and As no sulphate. The chlorides have an acid 
reaction and are decomposed on addition of water. Their 
salts with alkali metals have an alkaline reaction. 
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HjS precipitates the acid, but not the strongly alkaline solu- 
tions. The group is distinguished by the ready solubility of 
the sulphides and hydroxides in yellow ammonium sulphide 
and in potassium or sodium sulphide, as well as in caustic 
potash or soda solutions. 

ARSENIC: As'" and As\ 

226 Blowpipe Tests: heated in closed tubes As and most 
compounds readily volatilize giving sublimates: e, g., AsjOs 
white, AsjSs orange, As gray. If previously mixed with dry 
NajCOs and C they give steel gray mirrors of metallic As: the 
oxides are reduced by C alone. 

On charcoal in the R.F. all yield a remote white sublimate 
of AsjOa — very volatile — and a characteristic garlic odor: the 
flame is at the same time colored bluish. 

227 Reactions in Solution: applicable to all compounds 
soluble in HClAq: use AsjOgAq. 

ReinscKs Tests: acidulate with HCl, insert a piece of bright 
copper wire, remove after an hour or two; gray As or 
CujAsj is reduced upon it. Dry thoroughly, place in small 
closed tube and heat, a white crystalline sublimate of AsjOj 
forms; with much, gray As may also sublime. With traces 
of As no sublimate may be obtained, but the copper is dis- 
colored by a very minute trace. Compare Sb (233). 

Marsh's Test: formation of arsifie. Bend a piece of glass 
tube (about 12 inches long x y^), twice at right angles 
^ ■-^, make a moderately fine jet at one end and fit the 

other by a cork to a medium-sized test-tube or small (50 
to TOO cc) flask.* In the latter put a few small pieces of 

*This apparatus should be kept for testing for As, as it serves to detect 
it in presence of all other metals. A blank test should be made first to 
prove whether As is contained in the zinc or acid used, it is rarely absent, 
but the faint spots thus obtained can be compared with those observed 
in the actual analysis. HClAq + Al or cone NaOHAq + Al may also 
be used to generate the H requisite. For a detailed comparison of the 
distinctions between the As and Sb spots see Prescott and Johnson. 
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zinc (purest obtainable) and add sulphuric acid, diluted about 
1:5; when effervescence commences add a few ccs. of so- 
lution to be tested, adjust cork and when air is expelled light 
gas at jet. Hold a cold, dry evaporating dish so that its 
interior is quite close to jet; the AsHg is decomposed and a 
black mirror-like spot of As forms: if held at a distance 
some AsjOs is also formed and the spot has less lustre: the 
ppd metal is easily soluble in NaClOAq. The reaction is 
due to reduction of the As compound to AsHg by nascent H, 
while AsH, is decomposed by heat. Traces of As in wall 
paper, etc., can be found in this way. On heating the 
straight part of outlet tube a mirror-like ring of metal forms 
in it, which is not difficult to volatilize. 

Formation of arsenic acid: if heated with HNO^ As and all 
compounds form soluble HjAsO*: see two last tests in 230. 

Na^S^O^ pps yellow sulphide, forming NajSO,. 

228 ARSENIOUS SALTS: As'^ 

Reactions in Solution: use NajHAsOj + HClAq, or 
AsjOj, + HClAq, equivalent to solutions of AsCls. 

N. B. Boiling a solution containing As''' and free HCl 
volatilizes the As as AsClg. 

From such acid solutions: 

H^S readily pps yellow AsgSs, insoluble in dilute acids and 
in moderately cone. HClAq, soluble in HNOgAq and in aqua 
regia or ClAq as HgAsO* (see 230), soluble in (NH4)2SAq 
as thio-arsenite, in KOHAq, NH^OHAq, Na^COsAq, 
(NH4)2C08Aq and NaHSOgAq as mixtures of arsenites and 
thio-arsenites, from which it is reprecipitated on acidulating 
with HCl: yellow (NH^jS^Aq it dissolves as thio-arsena/^, 
ppd by HCl as AsjSs. 

{NH^^S pps yellow AsaS,, soluble in excess or in alkalis, 
reppd by acids. 
None of the other group reagents give pps. 
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229 ARSENIC SALTS: As\ 

Reactions in Solution: use NajHAsO* + HCIAq, or 
HjAsO* + HCIAq, equivalent to solutions of AsCU. From 
HCIAq solutions As^ is not expelled by boiling. 

From such acid solutions : 
H^S gives no pp at first, on heating to 70° C it slowly pps 
yellow AsjSj, mixed with S (and AsjSs): pp has the proper- 
ties of AsgSs (228). but alkaline solutions contain thio- 
dLTs^nates; precipitation is more complete if As^ is first 
reduced to As'" by SOjAq, and excess of SOa boiled off. 
{NH^^S pps AsjSs + S, soluble in excess as thio-arsenate, 
reppd by HCIAq as AsjSj. 

230 ARSENITES AND ARSENATES. Most of these 
correspond to the ortho-arsenious and arsenic acids, HsAs'^Og 
and HjAs^O*, all are derived from the anhydrides AsjOa and 
AsaOfi. For practice use solutions of the secondary sodium 
salts NaaHAsOs and NaaHAsO*. 

REACTIONS IN SOLUTION. ARSENITES. ARSENATES. 

AgN(Ji pps r from neutral* > yellow AgaAsOs red-brown AgsAsO^ 

CuSOipps 1 solutions only J green CuHAsOs blue green CuHAsO* 

HCl pps from cone. sols, only white AsgOj 

H^S from neutral or alk. sols, no pp no pp 

H2S+ HCl pps yellow AsaSs' yellow AsaSs + S 

readily slowly on heating 

HNOz upon heating oxidizes to H3ASO4 sets free HsAsO* 

arsenzV acid 
{.NH^^MoO^ after acidulating yellow ammonium ar- 

with HNOs pps seno-molybdate, in- 

soluble in HNOsAq 
sol. in NH^OHAq. 
Magnesia mixture irom white Mg(NH4)As04, 

solutions made alkaline insol. in NH4OH Aq, 

with NH4OH pps soluble in acids. 

The two last reagents act in the same way with H3ASO4 as with 
H8PO4, AgNOs distinguishes them. 

* Solutions must be carefully neutralized by HNOsAq or NH^OHAq, 
pps dissolve in an excess of either. 
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231 Thio-arsenites and Thio-arsenates (derived from 
the acids HsAs'^S^ and HjAs^S*) occur in the alkaline solu- 
tions formed by the action of alkaline sulphides (and also 
by hydroxides, carbonates, etc.) on AsjSg and AsjSs- If 
free S is present, and with yellow polysulphides, the thio- 
SLTsenates are always formed. On acidulating with HCl they 
yield yellow pps of As^Ss and AsaSg, not easily distinguished, 
both soluble in NH.HCOsAq or NH.OHAq. Besides the 
normal K and NH4 salts of the above ortho-acids others more 
complex are known ; e. ^., 2(NH4)2S.As2S8 or (NH^)4As2S5, and 
.2(NH4)aS.As2S5 or (NH^^AsjS:. Those of heavy metals are 
insoluble. 

ANTIMONY: Sb"^ and Sb^ 

232, Blowpipe Reactions: heated on charcoal with NagCOs 
or KCN in R.F. Sb compounds are reduced to beads of gray, 
brittle, fusible metal, easily oxidized, forming a white sublimate 
of SbaOs at some distance from assay, volatile in O.F., coloring 
flame greenish. The fused bead, on removing flame, burns, 
forming crystals of oxide: if let fall on paper it leaves a black 
track. The white sublimate, or white compounds, moistened 
with Co(N08)2Aq and strongly heated in O.F. leaves a bluish- 
green mass. In the closed tube a few compounds yield sub- 
limates (SbCIs, SbjSs). 

233 Reactions in Solution: applicable to all soluble 

compounds. 

Acidulation with HClAq, alone or followed by a large dilution 
with water, usually gives white pps of basic Sb'" chlorides 
or of SbjOs, this effect being prevented by tartaric acid, pps 
are soluble in tartaric acid solution and in cone. HClAq. 

Reinsck's test: see under As 227: Cu reduces Sb from HCl 
solutions as a black film, but this gives no sublimate when 
dried and heated. 
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Formation of Stibine (see 227): procedure as in Marsh's test 
for As: the Sb spots obtained by holding porcelain in 
flame of SbHs are sooty black: to further distinguish, treat 
spots with NaClOAq. As readily dissolves, Sb only slowly. 
Al + NaOHAq does not yield SbH,. 

Metallic zinc reduces black Sb from solutions containing a 
little free HCl; with large proportions of HCl much of the 
Sb passes off as SbH,: if platinum is placed in contact with 
the zinc it is coated with brown or black Sb. 
Salts of Bi and Cu give similar stains, but Sn, ppd in the same 

way, is gray, and coats the zinc rather than the platinum. 

Presence of HNOs interferes with the test 

HNO^ converts the metal, sulphides, and compounds gener- 
ally into white SbgOg, nearly insoluble in water or dilute 
HNO^Aq: on drying and heating to low redness this leaves 
SbOj or antimonious antimonate Sb^^Sb^O^. 

234 ANTIMONIOUS SALTS: use a solution of SbCls 
in HClAq or SbOKCiH^OgAq (tartar emetic or potassium 
antimonyl tartrate). 

Dilution with water decomposes most antimonious solutions, 
especially the chloride, precipitating basic compounds 
(SbOCl, Sb^OsClg, etc.): this is retarded by presence of a 
large proportion of acid, especially of tartaric acid (the 
tartrate is the only Sb"' salt not ppd by water), but a small 
addition of HCl before dilution facilitates pp. Sb"' tends to 
form basic salts, compounds of the radical (SbO) antimonyl, 
of which the tartrate is soluble in water. 

KOH pps white SbjOs, soluble in excess as K antimonite 
(KSbOg, etc.) and in excess of HClAq: from acid solutions 
SbOCl, etc., often pp on first neutralization of the free acid. 

NH^OH ^i^s SbaOg, insoluble in excess. 

Na^CO^ pps SbaOg, soluble in excess on heating. 
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HiS pps orange to red Sb^,, insoluble in dilute, but soluble 
in hot moderately cone. HClAq; soluble in (NH4),SAq and 
KjSAq as thio-antinionites, and in the yellow polysulphides 
as thioantimonates: HCl re-pps the former as Sb,Ss, the 
latter as SbjSj: soluble in KOHAq (and re-ppd by HCl) 
but not in (NH,)HCO,Aq or NaHSOgAq. Warmed with a 
few drops of cone. HNOj pp oxidizes to insoluble SbjOs or 
HSbOs. 

{NH^).iS pps SbjSj. soluble in excess, re-ppd by HCl. 

A^a^S^Oi pps Sb^8 often mixed with S, forming Na^SO*. 

235 ANTIMONIC SALTS: Sb\ 

Reactions in Solution: use SbCls or SbjOs dissolved in 
HClAq. 
H^S pps SbjSs, mixed with SbjSj and S, pp resembles Sb^Sj 

(234) in properties and color, dissolving in alkalis to form 

thio-antimonates, KgSbS*, etc., re-ppd by HCl as SbjSs. 
{NH^^S gives the same pp, soluble in excess. 
KOH pps SbaOs or HSbOj, soluble in excess of KOHAq as 

an antimonate. 
NHJDH gives the same pp, insoluble in excess. 
KI liberates free I with Sb^ salts in HClAq solution (coloring 

CSa, see 306), distinguishing Sb^ from Sb™, which gives pps 

similar in appearance and properties. 

236 Antimonites and Antimonates, derived from the 
anhydrides SbaOj and SbjOs, occur in the solutions of Sb 
compounds in KOHAq and NaOHAq, and some are known 
in the solid state. From these alkaline solutions HCl^ on 
neutralization, pps the oxides, an excess redissolving them as 
SbCls and SbCU: KI pps free I with antimonates, thus dis- 
tinguishing them. Ortho-, pyro-, and met-antimonates are 
known, corresponding to the phosphates, but are not distin- 
guishable by simple means: the formation of a pp of acid 
sodium pyroantimonate (Na2H2Sb207.6aq) is sometimes used 
as a test for Na. 



59 

237 Thioantimonites and Thioantimonates are derived 
from SbjS, and SbjSs by addition of metallic sulphides, and 
occur in the solutions of these sulphides in alkaline sulphide 
solutions, and also in KOHAq or NaOHAq. \ These are ppd 
by acidulation yielding Sb,Ss and Sb^j respectively, the latter 
often mixed with free S and being usually the lighter in color, 
though the colors vary considerably with the conditions of 
precipitation. 

TIN: Sn^andSn'^ 

238 Blowpipe Tests: on charcoal, fused in R.F. with 
KCN all compounds yield small beads of fusible white metal 
and a coating close to assay, white cold, yellowish hot, non- 
volatile; moistened with Co(NOs)2Aq and ignited this becomes 
bluish green. 

STANNOUS SALTS: Sn". 

239 Reactions in Solution: use SnCla + HClAq. All 
are strong reducing agents and in air become oxidized to 
stannic compounds, more rapidly by CI or nitric acid. 

The following reactions take place in solutions rendered 

slightly acid by HCl. 

H^S pps dark brown SnS; insoluble in dilute HClAq, 
NH.OHAq, (NH,)aC03Aq, or colorless (NHj^SAq; 
readily soluble in KOHAq or yellow (NH4)2S,Aq; repre- 
cipitated on acidulating with HCl as SnS and SnSa respec- 
tively; soluble in moderately strong HClAq on heating. 

{NH^^S pps SnS; soluble in excess of the j^//(7w sulphide, as 
thiostannate (NH4)8SnS3. 

KOH pps white Sn(OH)2; soluble in excess, as K stannite 
K^SnOa. 

NH.OH, {NH,\CO^ or Na^CO^, pps white SnCOH)^; insoluble 
in excess. 
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HgCl^ is precipitated as white HgCl or, if a small quantity is 

added, as gray Hg; SnCl^Aq is formed in either case. 
Zinc pps gray njetallic Sn; soluble in HClAq as Sn"Cla. 
Copper does not reduce stannous salts. 
Water, in excess, gives a milky basic pp, soluble in HClAq. 

STANNIC SALTS: Sn^^ 

240 Reactions in Solution: use SnCI* + HClAq. 
In solutions made slightly acid with HCl: 

H^S pps slowly (more readily on heating) yellow SnSa; sol- 
uble in KOHAq and in colorless (NH4),SAq, reprecipitated 
on acidulation, otherwise like SnS. 

{NH^^S pps yellow SnS,; soluble in excess, as thiostannate. 

A'O/T, or iVioJaCOs pps white stannic acid SnO(OH)2; soluble 
in excess of KOHAq as K stannate, or in HClAq as SnCU. 

NH^OH, or {NH^^CO^, same pp; insoluble in excess. 

Boiling after dilution, and especially on adding a neutral salt 
of an alkali as NagSO^, pps metastannic acid SngOsCOH),,; 
insoluble in acids; soluble in KOHAq. The same pp forms 
in dilute solutions on standing. 

HgCl^ gives no pp. 

Zinc pps metallic Sn ; this dissolves in warm HClAq to form a 
stannous salt, Sn^'Clj, which gives a pp with HgClj, etc. 

Copper reduces to SnClg, but not to metal. 

Cone. HNOz converts metallic tin, the sulphides, and other 
pps, into SnO(OH)2 or into metastannic acid, leaving SnOg 
on drying and igniting. 

241 Stannites and Stannates (derived from HjSnOj and 
HaSnOs) are formed when stannous and stannic hydroxides 
are dissolved in KOHAq or NaOHAq: on neutralizing these 
solutions the hydroxides are reprecipitated, redissolving if an 
excess of HClAq is added, to form SnClj or SnCU, which 
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react as above. The stannites are strong reducing agents, 
e, g., KaSn'^OaAq takes up O to form K^Sn^^OjAq and reduces 
BiaOjHjO to BijOa, AgjO to Ag, etc., and on boiling a solution 
part of the Sn of the stannite itself is reducecf to metal. 

' 242 Thiostannites, corresponding to stannites, are formed 
when SnS dissolves in KjSAq or Na^SAq: Thiostannates 
when SnSj dissolves in any alkaline sulphide solution, or SnS 
in a solution of one of the yellow polysulphides or of a normal 
sulphide mixed with S. Those of heavy metals are insoluble. 

SnS + K^SAq = K,SnS,Aq (or K^S.SnS) 

SnS + K,SAq + S = K^SiiSsAq (or K^S.SnSO 

SnS + (NH,).S,Aq = (NH,).SnSsAq (or (NH,),S.SnS,) 

Thiostannites and thiostannates are decomposed by acidu- 

lation giving precipitates of brown SnS and yellow SnSa 

respectively. 

Solutions of the sulphides in KOHAq contain mixtures of 
stannites or stannates with the corresponding thio-salts. 

243 The sulphides of As, Sb, and Sn, if dissolved in solutions of 
alkaline hydroxides (NaOH) or in normal colorless sulphides (NajS) are 
reprecipitated on acidulation in the same form; but if previously mixed 
with S, or if dissolved with the aid of yellow alkaline sulphides (con- 
taining polysulphide, e, ^., NajSs), they are always reprecipitated by 
acids as the higher sulphides, e.g,-^ SnS is thus converted into SnSj. 

Even colorless alkaline sulphide solutions always contain some poly- 
sulphide, being slowly decomposed by light and becoming yellow, hence 
on acidulating them some free S is always deposited, white and finely 
divided. The sulphide used in the laboratory should only be faintly 
yellow, or the S thus precipitated may mask the metallic sulphides. 

The solutions of the sulphides {e. g,^ of As) in normal sulphide solu- 
tions contain thio-arsenite or thio-arsenate as the lower or higher sul- 
phide of As was originally dissolved ; the polysulphide or admixed S 
always yields thio-arsenate. 

The solutions of the sulphides in KOHAq, or of the hydroxides or 
oxides in alkaline sulphides, consist of mixtures of oxy- and of thio- 
arsenates, etc., or of still more complex salts as oxy-thio-arsenates con- 
taining O and dyad S in the same molecule, e. g,y NasAsSOs. 
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244 When As, Sb, and Sn, are found in a solution of acid reaction 
they are present either as metallic radicals, combii ed with a strong acid 
radical (e. g.<, —CI), or in the case of As as free acid ( As"^aOs or H3 As^O^) ; 
in alkaline solutions they exist in the acid radicals combined with some 
alkali-metal, ^. ^.., an arsenite or arsenate, or the corresponding Sb or 
Sn compound : if on acidulating the alkaline solution a pp of sulphide 
(colored) forms, a /^zV7-arsenite, etc., is present, pp being usually accom- 
panied by evolution of HgS : the thio-salts also pp black PbS when 
treated with PbiCjHgOa), or KjPbOa. 

To distinguish the different degrees of oxidation in the oxy^salts KI or 
I (with starch paste) may be used after slightly acidulating with HClAq: 
I is set free from HI by Sb^ while free I is reduced to HI by Sn''^ or As"^ 

Rarer Elements of the Arsenic Group. 

245 GOLD: Au^^^ Au^ (and Au^O- 

Blowpipe Reactions: when heated on charcoal all compounds are 
reduced even in O.F. to yellow fusible metal, very malleable if pure, but 
color and malleability are much affected by presence of Pb, Sn, etc. If 
combined with non-metals or metals which are readily oxidized it may 
easily be purified by fusing in O.F. in contact with a little borax, or by 
alloying with several times its weight of lead and cupelling (204 note) on 
boneash. 

AURIC SALTS: Au^^^ 

Reactions in Solution: use HAuCUAq (HCl.AuCls). 

N. B. This compound, chlorauric acid, is formed when gold or any of 

its compounds is dissolved in aqua regia, evaporated almost to dryness 

with an excess of HCl, and the residue dissolved in water. The solution 

is deep yellow. The H is replacable by metals to form chloraurates, 

^.^.,KAuCU. 

HjtS pps brown or black AuS ( AujSa) insoluble in single acids, soluble in 
yellow (NH4)2SxAq or Na-jSxAq (as thio-salts, e. g.^ NajAuSj), in 
KCNAq and in aqua regia. From hot solutions the pp contains 
metallic Au. 

{NH^^Sox Na^S^Oi pps sulphide, soluble in large excess. 

Zinc and nearly all other metals pp metallic gold. 

FeSOit SnCli, KNO^y SO^y As^Oiy and most other reducing agents, pp 
finely divided metallic gold, varying in color— often yellow or brown 
by reflected, green or purple by transmitted light, or as a yellow mir- 
ror on the containing vessel: H^C^O^ or //i5 gives the same pp from a 
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hot solution. The metal is reaQily dissolved by aqua regia, and by 
ClAq or BrAq, more readily in presence of NaCl or KBr (forming 
AuCls or KAuBr4 etc.), and by KCNAq in presence of air or oxidizing 
agents. 
SnCl'x, after adding FeCU, gives a pp of * 'Purple of Cassius.** 

If filter paper is moistened with any gold solution, dried, and burned, 
the ash has a purple color: treating paper with HNOjAq facilitates 
burning. 

The metal (in presence of air or oxidizing agents) and nearly all 
compounds dissolve in KCNAq to form potassium gold cyanides 
(KAu^Cy, and KAu^^'^'Cyi) which are soluble in water and not precip- 
itable by the ordinary reagents, they may be decomposed by evaporating 
to dryness with H2SO4 or aqua regia, heating the residue and redissolv- 
ing in BrAq or dilute aqua regia. 

246 PLATINUM: Pt^v and Pt^^ 

Blowpipe Tests: when heated on charcoal all compounds are re- 
duced to infusible gray metal. Addition of As or Pb makes it readily 
fusible: cupelled with Pb it leaves an infusible gray mass. 

PLATINIC SALTS: Pt^^. 

Reactions in Solution: use H^PtCle (chloroplatinic acid). 

N. B. Chloroplatinic acid is formed when platinum or any of its com- 
pounds is dissolved in aqua regia, evaporated with HCl, and redissolved 
in water. The solution is reddish brown, like FeClsAq. 
7V/^(7pps yellow crystalline (NH4)2PtCl6 (ammonium chloroplatinate), 

but not from very dilute solutions: pp is somewhat soluble in water, 

insoluble in alcohol or ether. 
H^S pps dark brown PtSj. an excess forming light brown HaPtSs. Pp 

resembles AuS in solubility, with (NH4)jjSx Aq it dissolves as a soluble 

thio-platinate, (NHJaPtSj. 

Reducing agents affect Pt salts less readily than those of Au: e. g,^ 
SOi and H^C^O^ give no pps even from hot solutions: SnCl<i gives no pp 
but causes a darkening in color, owing to formation of a Pt'''' compound: 
FeSO^ pps Pt on long boiling: metallic zinc pps Pt. The metal thus ppd 
is slowly dissolved by aqua regia, ClAq, or BrAq. 

247 TELLURIUM: Te " ^v o*" vi, like S, see 112. 

Blowpipe Tests: heated in closed tube Te volatilizes and forms a 
sublimate of black Te with some white TeOj: some of its compounds 
give same reaction. On C in O.F. Te and tellurides give a white sub- 
limate resembling that of Sb, and flame is colored greenish. Heated 
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with NaaCOs and C in a closed tube NajTe forms, on cooling and 
adding water this dissolves to a purplish color: solution blackens silver 
like NajS. 

Reactions in the Wet Way: Te and most non-oxidized com- 
pounds, warmed with cone. H^jSO*, give a carmine liquid, STeOs, easily 
decomposed by stronger heating or on standing. 
Sodium amalgam, stirred with a wetted Te compound, gives violet 

NajTeAq. 
Hot cone, HNOz converts Te and most compounds to HaTeQyCtellurous 
acid), somewhat soluble in acids, soluble in KOHAq as K2Te03 (tel- 
lurite). On acidulating this with /if C/ and adding //i^S" black TeSj is 
ppd, soluble in KOHAq or (NHJaSxAq, insoluble in KCNAq. 
Reducing agents, SnCli^ SO^, Zn + HClAq, etc., pp black Te, insoluble 
in KCNAq. *• 

248 SELENIUM: Se"ivorvi, uke S, see 112. 

Blowpipe Tests: in closed tube Se itself sublimes as red or black Se, 
with characteristic fetid odor. Heated on charcoal with NagCOs in R.F. 
compounds leave Na2Se, solution of which blackens silver like NagS: 
with HCl gives off HjSe resembling HgS. Se bums with blue -flame 
like S. 

Reactions in the Wet Way: cone. HNO% converts Se and most 
compounds into SeOa, soluble in water, acids or alkalis. H<^>, after 
acidulating with HCl, pps yellow SeSa, closely resembling AS.2S3 in 
solubilities, on heating becomes orange (Se + S), soluble in KCNAq as 
KCNSe whence Se is reppd on acidulation. 
Reducing agents, HCl + Zn, SnCl^, SO^, pp red Se, soluble in KCNAq; 

HCl-\' Cu slowly pps red Se, but FeSO^, gives no pp. 

Selenites and Selenates of the alkali metals are soluble and 
resemble sulphites and sulphates, but are ppd by HCl + HjS. 

249 MOLYBDENUM: Mo^v vi etc. Chiefly met with as MoS^, M0O5 
and in molybdates. 

Blowpipe Tests: borax bead is yellow to colorless in O.F., dark 
brown in R.F. NaPOs bead is green in either flame, after O.F. it 
becomes lighter on cooling. On C. in O.F. a white sublimate of MoOj 
forms; R.F., applied to sublimate, reduces it to a blue oxide and finally 
volatilizes it leaving a coppery stain (MoO). Heated with a drop of 
cone. H3SO4 on platinum foil, evaporated almost to dryness, cooled, and 
breathed upon, a blue compound is formed. Oxides color O.F. green, 
very like Ba. 

Reactions in the Wet Way: cone, HNOz yields white H2M0O4 
from most compounds, soluble in NH40HAq (as ammonium molybdate). 



65 

or in an excess of acid. With the HNOjAq solution HtS gives a blue 
color and then a black pp of MoSj (soluble in (NH4)aSAq), SnO^ gives 
a blue color, Na^HPO^ + NH^Clzw^s a yellow pp soluble in NH^OHAq. 
From solutions of ammonium molybdates acidulation pps H2M0O4, 
resembling HjWO^ but more readily soluble in an excess of acid. 

250 GERMANIUM: Ge^^ or ^^, Ge resembles Sn in its reactions 
and the properties of its compounds; GeSj is white. 

IRIDIUM : Ir"^ or iv . ir is infusible and almost insoluble in aqua regia. 
Solutions usually contain IrCU or IrCls, its reactions resembling those of 
Pt: /^a^Spps IraSs; FeSO^, and NH^Cl^v^ no pps. 

251 separation of As, Sb, and Sn. 

From the Copper and Silver groups, similarly ppd by HjS, these 
metals are separated by their sulphides being soluble in KOHAq or in 
alkaline sulphide solution, whence they are reprecipitated by acidulation. 

From the mixed sulphides of As, Sb, and Sn, that of As can be 
separated by its solubility in NHAHCOgAq or NaHSOsAq, or by its 
insolubility in HClAq. 

Sb and Sn may be distinguished by the action of a zinc-platinum 
couple on their chlorides; Sb being ppd on the platinum, Sn on the zinc: 
the latter can be dissolved in HClAq as Sn-'-'Clj in which condition it pps 
HgClaAq or H AuCl*. Or the solution is treated with an excess of oxalic 
acid and HjS, Sb is ppd but not Sn. 

From a solution of the chlorides As and Sb can also be separated by 
NaaSaOg, which pps them but not Sn as sulphides which can be separated 
as above. 

As can also be detected by the Marsh apparatus, but in this case the 
mixed sulphides are dissolved by HClAq + KGlOs: or by conversion 
into arsenic acid. 

The gases from the Marsh apparatus may be passed into AgNOgAq; 
AsHs pps Ag and gives a solution of HsAsOa, while SbHa pps AgsSb 
which can be treated with tartaric acid and tested by HjS for Sb. 

Gold, in ores,etc., is rarely found in large enough proportion to affect 
the separation of the As group: if necessary, it, with Te and Se, may be 
first ppd by SOaAq: or the Au may be removed by boiling with oxalic 
acid, and Pt by concentrating and adding NH4CI. 
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Metals Precipitated by Ammonium Sulphide, but not by 
Hydrogen Sulphide from Acid Solutions, 

IRON GROUPS. 

252 These comprise the metals of the earths and the more 
positive of the heavy metals, and may be divided into two 
sections: — those precipitated by ammonia in the presence of 
ammonium chloride, and those whose hydroxides are soluble 
in ammonium chloride. The first includes aluminium, chro- 
mium, and the other earth metals (mostly of triad valence), 
iron (in ferric salts) and uranium: nearly all but the last two 
are precipitated by ammonium sulphide as hydroxides, the 
sulphides not being formed in presence of water. The latter 
group comprises dyad metals precipitated as sulphides, 

TRIAD METALS OF THE IRON GROUP. 

(With which are included metals of the rarer earths.) 
Al, Cr in chromic salts, Fe in ferric salts. 

253 These form oxides and chlorides of the type RjOs, 
RCI3, and their sulphates combine with those of the alkali- 
metals t^ form alums, e, g., KA1(S04)2. 1 2aq, crystallizing in 
regular octahedra.- Their salts tend to decompose when 
heated, losing acid ; the hydroxides when boiled lose water, 
and become difficultly soluble in acids, if ignited they become 
insoluble. Ammonia precipitates them all as hydroxides, 
RaOj.^raq, nearly insoluble in excess or in NH^ClAq; alkaline 
carbonates precipitate hydroxides, or highly basic carbonates, 
most of the CO2 escaping ; if shaken up with BaCOg the same 
reaction takes place. Sodium phosphate precipitates their 
normal phosphates (RPO4) insoluble in acetic acid. Boiled 
with an alkaline acetate they are thrown down as basic acetates, 
insoluble in hot water. 
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With this group fall uranium and the rare earth-metals, the 
reactions of most of which bear a general resemblance to 
those of Al. Some of these (of which Ti is the commonest), 
are tetrads. 

With ammonium sulphide their behavior is generally abnor- 
mal, Al, Cr and the rarer earths are precipitated as hydroxides 
with escape of HjS, Fe'" forms Fe"S and free S, U forms an 
oxysulphide. 

ALUMINIUM: Al'". 

254 Blowpipe Tests: compounds are generally white or 
colorless; heated on charcoal they leave white infusible resi- 
dues, glowing while hot; if these are cooled, moistened with a 
cobalt solution, and again strongly heated they form sky blue 
CoAIjO*, cobalt aluminate, or Thenard's blue. 

255 Reactions in Solution: use Al,(S04)8Aq or am- 
monia alum NH4AI (S04)2Aq. 

NHjOH pps whitish, gelatinous A1(0H)3, soluble in acids 
or KOHAq, almost insoluble in NH40HAq and in 
NH^ClAq; best seen after heating and allowing to stand a 
few minu.tes.' If any or'gantc coloring matter Is present the \ 

*"pp^sually carries it down as a "lake." 
' KOH pps whitish Al(OH)s readily soluble in ^xcess as 
KAIO2 (K aluminate, see 138) re-ppd by NH4CI or by 
careful neutralization (as by HCl or CO2) but not ppd by 
boiling. 

{NH^^S pps Al(OH)s. H^S escaping (140). 

H^S gives no pp. 

Nearly all the Al pps are dissolved by KOHAq to form 

aluminates. 

Aluminates are derived from the acid HAIO, or AljOsHjO, 

those of K and Na being soluble and not decomposed by 

boiling (compare zincates 276), but decomposed by NH4CI or 

by acids (138). 
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CHROMIUM: Cr'" ^' '"^^ ". 

256 Blowpipe Tests: most compounds are strongly col- 
ored: those of Cr'" usually violet or green, of Cr^'^ yellow to 
red. Heated alone on charcoal many compounds yield green 
infusible CraOs. In borax all give green beads in O.F. and 
R.F., somewhat reddish while hot in O.R; NaPOs gives 
similar colors. Fused on platinum with four or five volumes 
of dry NajCOs and one of KCIO3 all compounds are oxidized 
to yellow NagCrO*, which is soluble in water * An alkaline 
flux with any oxidizing agent, even air, gives a similar result. 

CHROMIC SALTS: Cr"' 

257 Reactions in Solution: use CrCljAq or KCr(S04)2Aq 
(chrome alum). 

NH^OH pps greenish Cr(OH)s. This is slightly soluble 

(pink) in an excess of ammonia (if strong and cold) but is 

re-ppd on boiling. 
KOIf pps greenish Cr(0H)8 soluble in excess as KCrOa (green 

K chromite): re-ppd by long boiling, by NH4CI, or on 

neutralizing; soluble in acids. 
{NIIi)2S pps Cr(OH)s, HjS escaping; insoluble in excess. 
I/2S gives no pp. 

258 Chromites, derived from the anhydride CrjOs occur 
in the green solutions obtained by treating the Cr(OH)s with 
excess of KOH or NaOH; ppd by boiling or neutralization ; 
NC/ in excess yields CrCU Aq. 

Chromous Salts, containing Cr" are rarely met with and 
easily oxidize to Cr'". CrClj is white. 

*The mineral chromite (ferrous chromite FeCrOj) is almost insoluble 
in acids and reacts very slowly with fluxes ; it is readily converted into 
soluble yellow Na, CrO* if fused with sodium peroxide, NaaOj. Fused 
with alkalis the tendency is for all compounds to form chromates, 
heated with acids, to form chromic salts. 
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259 Chromates and Dichromates: Cr^': use K,Cr,07 Aq. 
These are derived from chromic acid (HjCrO*) and dichromic 
acid (HjCraO,) and from the anhydride CrOj. The alkali-metal 
salts are readily soluble: a solution of acid reaction is orange 
or reddish, and contains dichromate; on neutralizing with an 
alkali it becomes a pale yellow and contains a chromate. They 
are strong oxidizing agents, and easily reduced in presence 
of acid to green Cr'" salts. 

With solutions not far from neutral: 

Pb{C^Hi0^2 gives yellow PbCrO* (chrome yellow), soluble in 
KOH Aq, insoluble in acetic acid, or highly dilute HNOsAq. 

BaCli pps yellow BaCrO*, soluble in HClAq, but not in 
acetic acid. 

AgNO^ pps reddish AgjCrO^ or AggCr^jO,, soluble in HNOgAq 
or NH.OHAq. 

H^S, after acidulating strongly with HCl pps S, forming green 
CrClsAq (see 140). Cone, HClAq alone slowly reduces chro- 
mates to CrClj, evolving CI, more readily in presence of re- 
ducing agents, e, g., alcohol. Fe^^SO^ is oxidized to Fe'" salt. 

iNH\S pps irreenisli Cr(OHV mixed with S. 
With solid clnoniates, or strong solutions: 

Cone, H^SO^ gives red crystals (CrO,) soluble in water: eone, 
H^SOt, + HClAq (or a chloride) gives red fumes of volatile 
CrOjCla (chloro-chromic anhydride). 

IRON : Fe" "'* "'. 

260 Blowpipe Tests: Heated on charcoal, all iron com- 
pounds leave dark residues, magnetic on cooling. Heated 
with NajCOs or KCN on charcoal in R.F., metallic iron is 
reduced as a magnetic powder. Borax bead, in O.F., is 
yellow to red while hot, yellowish cold; in R.F., greenish, 
the differing colors being due to Fe"^ and Fe" compounds. 

The NaPOs bead is yellow to reddish hot, lighter cold, 
passing through a greenish shade while cooling. 
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261 FERRIC SALTS: Fe"'. 

Reactions in Solution: use FeClsAq. Compare Fe° (267). 

Ferric salts and solutions are generally reddish-brown or 
yellow, the colors varying with temperature. 

They are reduced to the ferrous state (Fe") by most reduc- 
ing agents— SnCla. SO, (heated), Zn + HCl. Al + HCl, and 
HaS are often used. See 267. ^^...^^ 

NHJDH pps red-brown Fe(0H)8 or Ytjd^,x^Q^, ins6luble in 

excess or in NHiClAq, soluble in HClAq and other strong 
, . acids. With H,S or (NH4),S this pp yields black 2FeS H- S. 

If heated, Fe(OH);, leaves FejOa, very difficultly soluble in 

acids but dissolved by HClAq in presence of SnCl,. 
KOH pps Fe(0H)5, insoluble in excess; pp always retains 

alkali. 
H^S pps finely divided S, forming a ferrous salt and removing 

yellow color (140). 
{NIIi\S pps black ferrous sulphide mixed with S (2FeS + S), 

insoluble in excess, but dissolved by HClAq, leaving free S» 
KJ^eCy^ gives a blue pp, Fe4(Fe"Cy6)8 (prussian blue), slightly 

soluble in excess, decomposed by KOHAq, NH40HAq, or 

cone, acids: solution should be acidulated with HCl or 

HCaHaOa before testing. 
K^FeCy^ gives a green or brown color, but no blue pp on 

acidulating: addition of a reducing agent (a drop of SnCljAq) 

gives color of Prussian blue. 
KCNS or NH^CNS after acidulating gives red color, due to, 

soluble Fe(CNS)8: HgCla removes color, forming Hg(CNS),. 
Tannic acid, and solutions of galls, give bluish-black pps or 

colorations. 
Na^^HPO^ pps yellowish white FePO*, almost insoluble ii> 

acetic acid, soluble in HCIAq. Reaction sets some HCl 

free, and precipitation is complete only when neutralized, 

or on adding some alkaline acetate (NHiCaHjOj). 
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If a solution containing Fe™ and HjPO*, or a phosphate 
dissolved in acid, is neutralized by NH^OH, FePO* is thrown 
down with the Fe(OH)j, and if sufficient iron is present all 
the PO4 will be carried down with it, in preference to dyad 
metals (262).' 
NHJi^C^H^O^ or NaC^H^O^ (alkaline acetates), added to a 
( nearly neutral solution of FeClj gives a red solution of 

Fe(C2Hs02)8, and when boiled pps brown basic ferric acetate, 
insoluble in hot water, some HC^HiOa being set free (142). 
In presence of phosphoric acid or a dissolved phosphate 
the basic acetate carries down all the PO4 as FePO*, pro- 
vided enough iron is present * 

Ferrites are derived from the acid HaFeOj and anhydride 
Fe^Oa, and are insoluble in water: precipitated Fe(OH)8 tends 
to carry down dyad and alkali metals with it, apparently com- 
bined as ferrites. 

Ferrates, derived from HaFeO*. contain Fe^'*: they are 
unstable; purplish K^FeO* is obtained when Fe compounds 
are fused with K^CO, -f- KClOa. 

262 With alkaline phosphates and acetates the behavior of 
Cr and Al is like that of Fe"'; AIPO4 is somewhat more soluble 
in acetic acid than the others. The Cr pps are greenish, those 
of Al whitish, like the hydroxides: towards KOH and (NHJaS 
they act much like the hydrbxides, and can be separated in 
the same way from one another. The precipitation with basic 
acetate, or with BaCOj, separates .these three metal from 
nearly all others. * ^, 

The precipitated hydroxides, phosphates, and basic acetates, 
•especially the latter, are gelatinous or slimy, and should be 
filtered hot after boiling a short time. 

The presence of sugars, and of certain organic acids (citric 
and tartaric), preivents the precipitation of these metals by 

♦This also holds good for Al and Cr. 
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amtnonia, and retards the action of other reagents. In analysis 
such organic matter is removed by evaporating with HNO3 
and igniting. 

Phosphoric acid combines with either when precipitated by 
ammonia, in preference to other metals. 

263 URANIUM: U^» •»« 1^'. Usually met with as oxide or in salts 
of uranyl (U^^O^)". ^"^"^^ 

Blowpipe Tests: use UOg. Borax bead is like Fe: yellW to red 
hot in O.F., lighter cold. NaPO:^ bead is yellowish hot in O.-l*'., yellow 
green cold, and in R.F. green like Cr. 

Reactions in Solution: use (U02)(N03)2 or U02(C2Hs02) 2— uranyl 
nitrate or acetate. The ordinary salts are compounds of the radical 
uranyl (UO2)"; the crystals and solutions are greenish yellow. 
{NH^)OH and KOH give pps of acid alkali-metal uranate KaO.^UOj, 

etc., soluble in excess of (NH4)2C03 and in acids. 
(NH^^^S pps brown UOjS (with some (NH4)2S), insoluble in excess, on 

heating yields black UO2+S; the pp of UO2S is soluble in (NH4)2COsAq. 
Na^CO^ or {NH^^CO-^ pps an alkali-uranyl carbonate, soluble in excess, 

on neutralization pps an acid uranate. 
K^FeCy^ gives a brown pp, insoluble in acetic acid. 
Na<iHPOt, pps greenish white U02HP04;iraq, insoluble in acetic acid or 

(NH4)C2Hs02Aq; all soluble phosphates, and arsenates, give similar 

pps in acetic acid solutions of U. 

264 TITANIUM: Ti^^ ««^ '". Usually met as Ti02 or in insoluble 
titanates. 

Blowpipe Test: Oxide is yellowish, infusible, fused with Na2COs 
effervesces like SiOg. The NaPOs bead in R.F. is yellowish hot, laven- 
der or violet cold: in presence of Fe this becomes blood red: in O.F. 
the bead is nearly colorless. 

Reactions in Solution: use a solution containing Ti(S04)2. This 
may be prepared by prolonged fusion of the oxide with HKSO4, cooling 
and extracting with cold water, or by fusion with Na2C03 and dissolving 
in HjSOiAq. TiC^Aq is slowly formed by treatment of the oxide with 
strong HClAq. These solutions are very unstable: Ti02 acts as a very 
weak base or as an acid, having analogies to Sn02 and Si02. 
Metallic Zinc reduces Ti^^ solutions to Ti^^' compounds, the solution 

becoming violet. 
Boilings especially after dilution, gradually pps white Ti(OH)4. 
NH^OH pps Ti(OH)4, insoluble in excess, soluble in acids. 
Hip'i, gives a yellow to amber color with solutions of Ti(S04)2. 
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265 The rare earth-metals Glucinum (or Beryllium GK^), Zirco- 
nium (Zr'^'), Thorium (Th^^), Cerium (Ce'^' «<» >v), Yttrium (Y^'0» 
Lanthanum (La'^''), Didymium (D\^^^ or Neodymium, Nd, and Praseo- 
dymium, Prd), and a few others are precipitated by NH4OH as Gl(OH),. 
Zr(OH)4, Th(OH)4, CeCOH),, Y(OH)3, La(OH)3, and Di(OH)s, etc.; 
KOH and (NH4)jS give the same pps. 

Gl salts have a sweetish taste and resemble those of Al; Gl(OH)2 is 
soluble in KOHAq like Al(OH)3 and unlike the others. All the others 
are ppd as oxalates on addition of excess of (NH4)2Cj04 or HjCjO*; on 
ignition these leave the oxides. Cone. KaS04Aq pps the same metals as 
double sulphates. When strongly heated the oxides are highly incan- 
descent. CejOj on ignition becomes orange CeO„ the Ce^''' salts are 
colorless with sweetish astringent taste, Ce^^ salts are orange: concen- 
trated solutions of Di salts are faintly violet. With NaPO« in O.F. Ce 
gives yellow to red beads while hot, colorless cold, Di gives light ame- 
thyst color: both are colorless in O.F. The others give no readily 
observed blowpipe tests. 
NaiSiOz pps Ti, Zr and Th as hydroxides, separating them from the 

others, and from iron group generally. 

Thallium (TV^^) and Indium (In^''^) are ppd by ammonia as (TIO)OH 
and In(OH)s, detected by green and blue spectroscopic lines: Gallium 
(Ga'''''') is thrown down as Ga(OH)3 but redissolved by excess of ammo- 
nia; (NH4)2S pps it as GajSs, and converts the Tl and In pps into TI2S3 
and lujSs. 

Tantalum (Ta^) and Columbtum (Cb^' or Nb) are ppd as Ta^Os and 
CbsOo from solutions of the alkaline tantalates and columbates (derived 
from the anhydrides) on acidulation with HCl, but dissolve (Cb with 
some difficulty) in an excess of HClAq. From the acid solutions NH^OH 
pps the oxides with the iron group. Zifu. gives blue and finally brown 
reduction products with Cb in HClAq solution.* With NaP03 Cb gives 
a blue to brown bead in R.F., Ta colorless beads. 
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DYAD METALS OF THE IRON CROUP. 

Fe" in ferrous salts, Mn", Ni, Co, Zn, 

266 These are all precipitated by (NH4),S as sulphides; if 
exposed to air the precipitates tend to oxidize to sulphates. 

HaS do^s not precipitate them in presence of free strong 
acid, but precipitates them partially from neutral solutions 
{i. e., until the acid set free prevents further action), completely 
from ammoniacal solutions, and (except Mn) completely from 
the acetates. 

NH4OH only precipitates them partially, as the hydroxides 
are all soluble either in excess of NH^OHAq or in solutions 
of ammonium salts: and if much ammonium salt or free acid 
is originally present it gives no precipitates at all. This is due 
to the formation of double ammonium chlorides, etc. (e. g,^ 
MCl2;rNH4Cl where ;f = i to 3), these double ammonium 
salts being very stable and not affected by NH4OH,' though 
decomposed by boiling KOHAq. Compare Mg. KOH pre- 
cipitates the hydroxides, that of Zn being soluble in excess^^ 
and all in KCNAq. The hydroxides, and ammoniacal solu- 
tions, are converted into sulphides by HjS or alkaline sul- 
phides. NaaHPOi precipitates them as phosphates, anci* 
alkaline carbonates as carbonates, both having solubilities 
similar to those or the respective hydroxides and being 
similarly decomposed by HjS or (NHJaS. 

BaCOs does not affect the nitrates, chlorides or acetates; 
the acetates are not affected by boiling. 

Like Cu", Cd and Mg they form double sulphates with K 
or (NHO, e, ^., K,Ni(SO,)a.6aq. 

267 FER«»US SALTS: Fe". ForSry tests see 260. 

Reactions in Solution: use FeS04Aq, compare 261. 
Crystallized salts and solutions are pale green to colorless. 
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They are readily oxidized to ferric salts By BrAq or ClAq, or 
on boiling with a little cone. HNO4, slowly by simple expos-* 
ure to air: solutions usually contain traces of ferric salt. 
NHJDH pps, incompletely, dull green Fe(OH)j [pure Fe(OH), 

is white] ; by absorption of O this darkens, finally becoming 

red-Thrown FejOjOraq; original pp is somewhat soluble in 

NH^ClAq, but solution absorbs O and deposits brown 

Fe(OHV* 
KOH pps dull green Fe(OH)„ insoluble in excess, soluble in 

acids.* 
{NH^^S pps black FeS, insoluble in excess or in NH4ClAq, 

completely soluble in dilute HClAq. FeS oxidizes easily 

to FeSO*. 
KJFeCy^ pps light blue KaFe"8(Fe"Cy6)a insoluble in dilute 

acids; oxidizes readily to dark Prussian blue Fe'"4(Fe"Cyfl)8/ 
K^EeCyt pps dark Turnbull's blue, Fe"s(Fe'"Cy6)» resembling 

Prussian blue. 

N. B. These blue pps are decomposed by alkalis, solutions 
should be made slightly acid before testing. 
KCNS or NH^CNS usually gives a slight red color, due to 

admixed ferric salts; no reactions with pure ferrous- salts. 

MANGANESE : Mn " °^ '^ ^' ^". 

268 Blowpipe Tests: Fused on platinum foil with Na^COs 
and a little KCIO3 all compounds yield a green or bluish-gi*een 
manganate, NaaMnO*. [This dissolves in water, forming pur- 
ple permanganate, NaMnO^, and giving a brown pp of MnOj— 
if solution remains green adding a few drops HClAq hastens 
change.] The borax bead is violet in O.F. while hot, lighter 
(amethyst) on cooling, colorless in R.F., forming manganic 
and manganous compounds respectively; NaPOj is similarly 
colored. 

*From mixtures of Fe''^ and ¥^^^' salts in certain proportions alkalis 
give a black pp of FeaOi. 
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269 MANGANOUS SALTS: Mn". 

Reactions in Solution: use MnCIjAq. Solutions and 
crystallized salts are generally pink or colorless; some show a 
tendency to become brown, forming manganic compounds. 
NH^OH pps, incompletely, whitish Mn(OH)2. insoluble in 
excess, but soluble in NHiClAq or in acids; readily oxidized, 
on exposure, to dark brown Mn20s;raq, or Mn^O* insoluble 
in NH^ClAq. The NH^Cl solution, containing ammonium 
manganous chloride, is oxidized by air, brown Mn(OH)s 
falling out: BrAq pps MnOj^raq from it. 
KOH ^^s whitish Mn (OH)a, insoluble in excess: with BrAq 
black MnOa^raq forms. 

^ {NH^^S pps MnS, pink or greenish yellow, insoluble in excess 
or in NH[4ClAq; soluble in dilute acids (even acetic)^ this 
distinguishes it from rest of group. 

270 HIGHER OXIDES OF MANGANESE. 

Manganic Compounds: Mn"' and Mn'^ The higher oxides 

MnOj, Mn,03, Mn,O0. heated with HClAq, evolve CI and 

' finally yield MnCl.^, but before expulsion of all CI the solutions 

are brown, and contain MnCla or MnCU, from which NH4OH 

or KOH pps brown Mn(OH),. 

Manganates {e. g.^ K^MnO*) are derived from the anhydride 
MnOa, alkaline manganates are green and soluble in water to 
green solutions, which decompose, giving pps of MnO, and 
forming red or purple solutions containing permanganates. 

Permanganates are derived from the acid HMnO* and 
anhydride MnjO^, the alkali-metal salts are soluble, giving 
purple solutions: use KMnO^Aq. With excess of KOH these 
become green; reducing agents decolorize them, giving pps of 
MnOj etc., in neutral solutions which undergo changes of 
color, or forming colorless Mn" salts in presence of free acid. 
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NICKEL: Ni". 

271 Blowpipe Tests: heated on charcoal with Na,COj or 
KCN in R.F. all compounds leave magnetic particles, which 
appear silvery white when the residue is rubbed in a mortar. 
The borax bead in O.F. is violet while hot, suddenly chang- 
ing to brown cold; in R.F. it becomes clouded, and is color- 
less after very long treatment: NaPOj bead is yellowish to red 
while hot, lighter cold, resembling that of Fe. On heating 
alone most salts change from green to nearly black. 

272 Reactions in Solution: use NiSO^Aq, or NiCIjAq. 

Crystallized salts and solutions are usually green : on evapo- 
rating to dryness the green residues lose water, usually becom- 
ing yellow. 

NHJDH gives a slight greenish pp of Ni(OH)2, readily soluble 
in excess or in NH4ClAq, hence no pp forms from solutions 
originally acid; with excess of NH^OH solution is usually 
blue. 

KOH pps apple green Ni(OH)a, insoluble in excess. 

Na^COz or {NH^^CO^ gives green pp, soluble in ammonium 
salts. 

{NHi\S pps black NiS, somewhat soluble in excess (liquid 
becoming dark brown, especially if free ammonia and poly- 
sulphide are present) and re-ppd by long boiling or by 
acetic acid: pp is nearly insoluble in dilute HClAq, soluble 
in warm HNOsAq or aqua regia, and in KCNAq. 

H^S gives no pp from solutions containing free HCl, but from 
alkaline solutions, or acetates, pps NiS. 

COBALT: Co" and'". 

273 Blowpipe Tests: heated on charcoal in R.F. with 
NaaCOs or KCN compounds leave a magnetic residue. Borax 
bead is a strong blue in either flame, NaPOa bead a similar color. 
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274 Reactions in Solution: use CoClj or Co(NOa)2. 
Solutions are usually rose-colored, on evaporation to near 

dryness with HClAq, they become blue and leave pink resi- 
dues, which turn blue on expelling water, and are finally 
decomposed by ignition, leaving black oxide. 
NHJDH gi>^es a slight blue pp of basic salt, almost completely 

soluble in excess (to brownish liquid) or in NHtClAq. 
KOH pps a blue basic salt or rose-colored Co(OH)a, insoluble 
in excess, soluble in ammonium salts; on exposure oxidizes 
to olive green or brown Co(OHX, insoluble in NH^ClAq. 
Na^COz or {NH^^CO^ gives a peach-colored pp, blue on boil- 
ing, soluble in ammonium salts. 
{NH^^S pps black CoS, insoluble in dilute HClAq, soluble in 
HNOjAq, KCNAq etc., closely resembling NiS but insoluble 
in excess of (NH^^SAq. 
KNO^y added in excess to a solution containing free acetic 
acid, pps yellow crystalline 2K8Co"'(N02)«.3aq, potassium 
cobaltic nitrite. 

ZINC: Zn". 

275 Blowpipe Tests: use both ZnSO* and ZnS. 

N. B. Compounds are usually white, the pure sulphide in- 
cluded. * Heated on charcoal most compounds leave a whitish 
residue, aad in R.F. (especially if mixed with KCN) all give 
a sublimate of ZnO, very near assay. Both sublimate and 
residue are white when cold, yellow while hot, non-volatile in 
R.F., and on strong heating glow with a peculiar greenish 
light. If either is cooled, moistened with a drop of dilute 
Co(NOs)aAq and again strongly heated in O.F., cobaltous 
zincate (CoO.;rZnO, Rinman's green) remains, of a character- 
istic light green color. Beads of metallic zinc cannot be 
obtained by the blowpipe, the metal is reduced from oxide by 
R.F., and from ZnS, etc., by fused KCN, but immediately 
volatilizes : the formation of the sublimate depends on this 
fact, as compounds of zinc are generally non-volatile. 
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276 Reactions in Solution: use ZnCljAq or ZnSOiAq. 

NH^Oflpps white Zn(OH)a, readily soluble in excess (as zinc- 
ate), soluble in (NH)4ClAq (as double chloride, NHiZnCl,, 
etc.): the solution in NH40HAq is mostly re-ppd on boiling. 

KOH pps white Zn(OH)2, soluble in excess (as K zincate, 
KaZnOj); most of the zinc is re-ppd as ZnO on diluting and 
boiling, not by adding NH4CI (compare Al 254). 

{iVff^iS pps white ZnS, insoluble in excess, in alkalis or in 
NH^ClAq, soluble in dilute acids except acetic. 

Jf^S gives no pp with solutions containing a fair proportion of 
free HCl, but pps ZnS from acetates and alkaline solutions, 
partially from neutral solutions. 

JCCN pps gelatinous white ZnCy,, readily soluble in excess. 

K^FeCyt pps white slimy ZnjFeCyA or KjZn, (FeCy6)2, insoluble 
in acetic acid, or sufficiently dilute HClAq. 

Na.^CO^ pps white basic carbonate, insoluble in excess, some- 
what soluble in NH40HAq and ammonium salts. 
Nearly all zinc compounds (except ZnS) dissolve very 

readily in KCNAq, forming KjZnCy*, and most precipitates 

{except ZnS) dissdve in an excess of KOHAq or NH40H[Aq, 

forming zincates. The double cyanide is stable, not affected 

by boiling, on neutralizing the zinc is ppd, usually as ZnCya 

soluble in dilute HClAq on warming. 

Zincates, derived from the anhydride ZnO, exist in the 
solutions containing excess of alkaline hydroxide: they are 
unstable and only form in presence of an excess of alkali 
{e. g.y KaZnOa + 4KOH), on diluting and boiling ZnO is ppd, 
but not completely if a large proportion of KOH is present; 
NH4CI does not pp zincates like aluminates, unless boiled, as 
Zn (OH), is soluble in NH40HAq. 
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Separation of Metals of the Iron Groups. 

277 The metals of the iron group may, after removal of silverr 
copper, and arsenic groups by HjS, be precipitated all at once by 
(NH4)jS-*-preferably after neutralizing with ammonia— or by making 
strongly alkaline and passing gaseous HgS. Or they may be divided 
into two sections by first precipitating with NH4OH and NH4CI to 
remove Al, Cr and Fe^'-', etc., and adding (NH4)aS after filtering. The 
latter method gives an imperfect separation, and requires certain pre- 
cautions, but has some advantages: reprecipitation is often advisable 
(see 514). 

If all are thrown down together the precipitate may be dissolved in hot 
dilute HNOsAq, aqua regia, or HClAq + KClOs,* and the two sections 
separated by any of the following methods: 

(a) By precipitation (repeated if necessary) by NH4OH + NH4CI; 

(d) By neutralizing, adding excess of an alkaline acetate, boiling and 
filtering off the basic acetates; 

{c) By neutralizing (removing HaS04 by BaClj) and warming with 
BaCOs in a small flask, filled to the neck; 

(d) By nearly neutralizing with (NH4)2C03, boiling, and filtering. 

In either case the Al, Cr and Fe^^^ will be found in the precipitate and 
the bulk of the other metals in the filtrate: care must however be taken 
in either case to exclude air or CI, as Mn and Co tend to be oxidized to 
triad compounds. The first method is the readiest but the least perfect; 
it generally suffices for qualitative work. In either case P2O5 (and also 
SiOa or TiOj) is carried down with the Al and Fe, and organic matter 
interferes to some extent. The basic acetate method effects a better 
separation, but is tedious and requires more care. When Cr and Zn 
occur together the Zn always goes down with the Cr if method {a) is 
employed. 

Al and Zn require most care for their detection, forming colorless 
precipitates which are easily masked by others, Fe, Cr and Mn are 
easily detected without separation by special tests: Fe''' is distinguished 
from Fe'^' by KCNS and KsFeCy^. Mn may be separated from all 
others by solubility of MnS in acetic acid: Ni and Co from all others by 
insolubility of NiS and CoS in HClAq (diluted with HaSAq): Al by 
solubility of AUOHjj in KOHAq, not affected by boiling: U by solubility 
of the sulphide in (NH4),C03Aq. ' - 

*Or it may be treated with cold dilute HClAq, which dissolves all but 
NiS and CoS. 
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Metals Precipitated by Ammonium Sulphide Only When 
Followed by Acid. 

278 The rare elements Tungsten (W^') and Vanadium (V^) are 
usually met with in the form of tungstates and vanadates, derived from 
WO3 and V2O3, those of the alkalis being soluble in water. They do 
not fall strictly in either of the preceding groups: the sulphides are sol- 
uble in (NH,),SAq as thio-salts, (NH4)2WS4 and (NH4)3VS4, etc., and 
remain in solution with part of the Ni after the other sulphides are filtered 
off: on then faintly acidulating the solution (best with acetic acid) and 
warming, brown WS3 and VaSs (and NiS) fall out, and m.ay be tested by 
the blowpipe. 

With NaPOa in R.F. W gives a brownish -green bead while hot, blue 
cold (W + Fe gives red); V gives brownish hot, green cold: in borax 
R.F. V acts as with NaPOs: colors in OF. are not characteristic. Fused 
with NaaCOa + KClOs, or with NagOa, complex alkaline tungstates and 
vanadates are formed, somewhat soluble in water. 

Tungsten, in Na-^WO^Aq, etc., with HCl pps white H2WO4, slightly 
soluble in acids, readily in KOHAq or NH^OHAq. /^g-^" gives no pp. 
Stidi gives a yellowish pp, turned blue by HCl. Zinc + HCl reduces 
solution, giving blue and finally reddish colors. 

Vanadium. Vanadates (NaVOa, NasVO^, etc.) are usually orange like 
chromates; those of alkalis are difficultly soluble in water containing 
other salts: all dissolve in HNOsAq, and most are decomposed by 
H2SO4, giving yellow solutions, reduced by sific to blue, green, and 
finally violet. 
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Metals Not Precipitated by Ammonium Sulphide. 

METALS OF THE ALKALIS AND 
ALKALINE EARTHS. 

279 These comprise all the most positive metals, the sul- 
phides and hydroxides of which are soluble in water (those of 
Mg sparingly) and turn litmus blue, the normal salts with 
strong acids being neutral ; the two sections are distinguished 
by the solubility of the carbonates of the alkali-metals, the 
carbonates of the dyad metals (Ba, Sr, Ca, Mg) being insoluble 
in water. But in analysis the grouping is somewhat different, 
as Mg falls with the alkali-metals, its carbonate being soluble 
in ammoniacal solutions. 

CALCIUM GROUP. 

Ba, Sr, Ca. 

280 The sulphates are insoluble or diflficultly soluble in 
water, BaSO* requiring about 400,000 parts by weight to dis- 
solve it, SrSO^ over 7,000, and CaS04 about 400; presence of 
free HCl greatly increases the solubility. The solubilities of 
Sr salts are intermediate, in almost all causes, to those of the 
corresponding Ba and Ca compounds. Ba has the most 
soluble hydroxide and oxalate, the least soluble chloride, 
nitrate, sulphate, and chromate. 

Soluble carbonates or CO.^ in presence of alkali, precipitate 
the normal carbonates, which are practically insoluble in water 
and very slightly soluble in NH^ClAq, but excess of CO.^ 
forms soluble acid carbonates, e. g,, CaHa(C03)2.* 

*Boiling precipitates the acid carbonate solutions, evolving CO2, but 
in presence of ammonium salts the precipitated carbonate may redis- 
solve, see 522. 
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NagHPO* pps the phosphates, soluble in HClAq or acetic 
acid, but reprecipitated as normal phosphates by ammonia. 

Pure ammonia gives no precipitates, nor does pure KOH 
with dilute solutions, but if traces of sulphate or carbonate 
are present, or if exposed to air, a precipitate forms. 

Heated on charcoal their salts in ijiost cases leave white 
infusible residues, which glow brightly on strong ignition. 

The more volatile compounds {e, g., chlorides) of these 
metals color the flame strongly, but some compounds require 
special treatment, e. g., BaSO* only reacts after being reduced 
on charcoal in R.F. to BaS, which is then converted into 
chloride by HClAq: other non- volatile compounds may be 
first converted into sulphates by concentrated H2SO4 and then 
similarly reduced. All give highly characteristic spectra. 

BARIUM: Ba'': use BaCI.Aq. 

281 Most compounds color flame yellowish green (see 
280). 

{NHi).iCO^ pps white BaCOg, almost insoluble in NH4ClAq, 

soluble in dilute HClAq, HNOgAq, or acetic acid. 
H-iSO^ or solutions of sulphates {e. g,, CaSO^Aq) pp white 

BaSO*, insoluble in alkalis, dilute acids or ammonium salts. 
K^Cr^Oi pps yellow BaCr04, insoluble in acetic acid, soluble 

in HClAq. 
H.^SiF^ pps colorless BaSiF«, very slightly soluble in HClAq. 
BaCla and Ba(N03)2 are insoluble in strong alcohol, and 

nearly insoluble in cone. HClAq and HNOgAq. 

STRONTIUM: Sr'^ Use SrCl^Aq. 

282 Compounds color flame crimson (compare Li and Ca). 
^'{NH^j^CO^ pps white SrCOa, almost insoluble in NH^ClAq, 

soluble in dilute HClAq. HNOaAq or HC^HsO.Aq. 
H^SOi and solutions of sulphates {e. g, {^W^^^O^y or CaSO^) 
pp white SrSO^, slightly soluble in HClAq, insoluble ix\ 
strong (NH,)2S04Aq. 
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{NH^\C^O^ pps white SrC204, the fresh pp is soluble in an 

excess of acetic acid, soluble in HClAq. 
SrCla is soluble, Sr(N03)2 insoluble, in strong alcohol. 

CALCIUM: Ca''. Use CaCl,Aq. 

283 Compounds color flame orange red (compare Sr and 
Na). 

{NH^^^COi pps white CaCOa, almost insoluble in NH^ClAq, 
soluble in dilute HClAq, HNO^Aq or acetic acid; pp \s 
light and bulky at first, but becomes dense and crystalline 
on warming. 

jFf^SO^ and soluble sulphates (e. g., (NH4)2S04 but not 
CaSO^Aq) pp white CaSO* from strong solutions, soluble 
in hot cone. (NH4)2S04Aq and in HClAq, slightly in water, 
insoluble in alcohol which completes precipitation. Alkaline 
sulphates are preferable to H2SO4 as precipitants, on account 
of the free acid formed by the latter. 

(NH^^QO^ pps white CaCaO^, insoluble in acetic acid, soluble 
in HClAq: Ba and Sr oxalates being more soluble in acetic 
acid. 

CaClz and Ca(N03)2 are soluble in alcohol. 

MAGNESIUM. 

MAGNESIUM: Mg''. 

284 Magnesium differs in many ways from metals of the 
calcium group. The sulphate is soluble in water, the carbon- 
ate in NH^ClAq; the hydroxide is almost insoluble in water 
(i part in 500) though readily soluble in NH^ClAq; its salts 
do not color flame and most of them are partially decom- 
posed on evaporation of their solutions, forming basic salts. 

Heated on charcoal compounds leave MgO, which glows 
brightly on strong heating: if cooled, moistened with 
Co(N03)2Aq and again heated strongly, the residue is pink 
on cooling. All the heavy metals and earths must be sep- 
arated before Mgf can be detected. 
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285 Reactions in Solution: use MgSO^Aq or MgCljAq. 
^NHS)H pps, incompletely, white Mg(OH)i, soluble in 

NH^ClAq as (NH4)aMgCl4 or similar double salts, hence 
no pp falls if much ammonium salt or free acid is present. 
KOH pps, almost completely, white MgfOH)^, insoluble in 
excess, soluble in ammonium salts; in their presence an 
excess of KOH must be added and solution boiled. 
Ba{OH\ similarly pps Mg(OH)2; from solutions of the sul- 
phate this is mixed with BaSO*. 
Na^HPO^ pps white MgHPO*, soluble in acids. 
JSfa^HPO, + NH.OH (or NaNH.HPO,) pps white 
MgNH4P04.6aq, usually crystalline, insoluble in NH40HAq, 
soluble in acetic and other acids, re-ppd on neutralizing with 
, NH4OH. Pp forms very slowly. 

iNH^^C^O^y added in excess to a Mg solution, evaporated to 
dryness and ignited, leaves MgCO^ or a basic carbonate, 
insoluble in water. 

ALKALI METALS. 

Na, Li, K (and the compound radical (NH4)). 

286 Nearly all the salts of these metals are readily soluble, 
hence there are no general precipitants, and they are found in 
the residual solution after precipitation of all other metals. 
The salts of K and (NH4) are generally very similar: Na and 
Li salts differ from them in many respects, Li having many 
points in common with the calcium group. Their salts with 
weak acids usually show an alkaline reaction. All are monads. 

The acid tartrates {e. g., KHC4H4O6) and the chloroplatinates 
{e. g,y KaPtClfi) of K, (NH4) are difficultly soluble in water, the 
chloroplatinates insoluble in alcohol, while the corresponding 
Na and Li salts are readily soluble. Na, Li and K give char- 
acteristic flame-colors and spectra. When heated on charcoal 
most of their compounds fuse readily and are absorbed. 
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SODIUM: Na': use NaCl or Na,COs. 

287 All compounds color the flame strongly yellow, and 
give a double yellow line in spectroscope. Either test is very 
delicate, but traces of Na are found in nearly all substances 
and always occur in atmospheric dust, so that flame color 
should not be accepted as a proof of its presence in appreciable 
quantity unless a persistent yellow color is obtained, the wire 
used having been previously cleaned by alternately dipping in 
HClAq and igniting. 

There is no satisfactory precipitant for sodium solutions. 

LITHIUM: Li^: use LiCl or Li.COs. 

288 The flame color is a strong carmine, obscured by 
large proportions of Na. 

Soluble phosphates {e. g,, NaaHPO*) pp LigPO^ -from solutions, 
more completely when NH^OH is present. 

POTASSIUM: K': use KNO3. 

289 The flame color is lilac or purplish, but seen through 
a blue (cobalt) glass appears red-violet. This is the best test 
for general use. The glass must be thick enough to cut off 
all yellow (Na) rays, which otherwise obscure the flame color. 
Li gives a somewhat similar effect with blue glass. 

With strong solutions H^PtCl^ slowly pps yellow KaPtCle, 
more completely on addition of alcohol : on drying and ignit- 
ing Pt + K'Cl remain. Compare ammonium. 
Tartaric acid pps, from strong solutions, white HKC4H4O6. 

AMMONIUM: (NH,)' or Am': use NH.Cl. 

290 Heated in closed tubes compounds either {a) sublime 
or (U) are decomposed giving off NHj. The salts with non- 
volatile acids are thus decomposed: NH4NO3 also breaks up 
into water and N2O, NH4NO2 into water and N. 
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All compounds warmed with KOHAq or with Ca(OH)2 
give ofif ammonia, NHj, with characteristic odor, the gas 
turning red litmus blue and turmeric brown. 

With solutions of NH.Cl H^PtCk pps yellow (NH,)aPtCIe, 
closely resembling the K compound, but decomposed by heat, 
leaving Pt only. 
Tartaric acid pps (from strong solutions only) white 

HNH,C,H,0«. 

291 Rubidium (Rb^) and C.*:sium (Cs'') react very like K, both as 
to precipitates and flame color; the chloroplatinates are less soluble: in 
general their salts closely resemble those of K, the properties of the Rb 
compounds being intermediate to those of the others. 

Separation of Metals of the Alkalis and Alkaline 
Earths. 

292 When more than one member of the calcium group is present 
the group is usually precipitated by (NH4)2CO:{, after insuring the alka- 
linity of solution and presence of NH4CI. In absence of Ba and Sr 
(proved by H^SO^ giving no pp) Ca may be ppd as oxalate either in 
alkaline or acetic acid solution; in absence of Ca the other two may be 
thrown down as sulphates. In the alkaline filtrate Mg is ppd as double 
ammonium phosphate, or may be separated as MgCOs after ignition with 
ammonium oxalate; the fixed alkali metals are best detected by flame- 
coloration, after expulsion of ammonium salts. Ammonium is tested for 
in a separate portion, before addition of any of its salts as reagents. 

The ppd carbonates of the calcium group are redissolved in acid — 
usually acetic, from which Ba may be separated as chromate. The chief 
difficulty is with Sr and Ca; it is not easy to prove the presence or 
absence of a small amount of either in presence of a large proportion of 
the other; the insolubility of CaCaO* in acetic acid or of SrSO, in ammo- 
nium sulphate solution may be used. Another system depends on the 
solubility of Ca(N03)2, CaCl^ and SrCl.^ in strong alcohol, while Sr(NOs)2 
and both the corresponding Ba salts are insoluble: the ppd carbonates 
being dissolved in either acid, evaporated, and extracted with alcohol. 
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PART III. 



REACTIONS OF THE NON-METALS AND 
ACID RADICALS. 

301 The properties and behavior of the principal non-metals and 
their compounds are briefly mentioned, followed by the reactions of the 
salts which they form, these reactions being generally independent c^ 
the metallic radicals with which they are combined. 

BEHAVIOR OF THE NON-METALLIC ELEMENTS 

AND SOME OF THEIR COMPOUNDS. 

302 The unfamiliar reactions should be verified before using them 
for purposes of recognition: for comparison the gases may be prepared 
in small test-tubes by the methods indicated in parentheses. 

303 Phosphorus P. On heating in air fuses and burns readily to 
P2O5. Yellow variety inflammable on rubbing, has characteristic odor, 
soluble in CS2; red insoluble and odorless, but inflammable on heating. 
Special tests: {a) P and its compounds, heated with HNOa, give H3PO4, 

for tests see 348. 

(b) Any solid compound of P [use Ca3(P04)2] heated in closed tube 
with Mg, forms MgsPt, and on moistening gives off PH3 with garlic 
odor. A flame held at mouth of tube is colored dull green. 

304 Sulphur S. On heating, fuses and burns with odor of SO2. 
Ordinary varieties yellow; insoluble in acids; soluble in CS2; slowly 
soluble in hot KOHAq (becoming yellow) as 2K2S5 + K2S2O3, reprecip- 
itated by acids, and in KCNAq as KCNS (see 342). 

With KCIO3 or KNO3 deflagrates on heating. The precipitated variety 
is finely divided and passes through filter paper. The plastic variety 
gradually becomes yellow. 
Special tests: (a) S and its compounds are slowly oxidized by Br, CI, or 

HNO3 to H2SO4, see 345. 

(d) All S compounds (use any sulphate) fused with Na-^CO^ on char- 
coal, in R.F. form NajS. Placed on silver and moistened this gives a 
black stain, AgjS. Se and Te compounds act similarly. 

(c) If fused with NaaCO^ + KCIO3 all form NaxSO*, see 345. 

(89) 
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305 Carbon C. Ordinar>' varieties black. Unaffected by acids, 
but black varieties are oxidized by KCIO3 + cone. HNO3. Burns 
slowly to CO2 on heating in air or O; with KCIO3 or KNOs deflagrates 
on heating. Diamond is recognized by extreme hardness. 

306 Iodine I. Blackish cr>'stals. Warmed in closed tube 
volatilizes giving violet irritating vapor, and crystalline sublimate. 
Slightly soluble in water (brown), readily in CSj (violet), and in kerosene, 
chloroform, alcohol, or KIAq, also in KOHAq (as colorless KIO^ + 5KI) 
and KCNAq (as KI + ICN). Traces oi free I turn starch paste blue, 
forming starch iodide. Compounds of I do not affect starch or CSa, and 
7t\t. colors due to free I are removed by ClAq (forming HIO3 + 5HCI) 
or by KOHAq, and by reducing agents. 

307 Bromine Br. (Heat cone. H2SO4 + KBr + MnOj.) Red 
irritating vapor, condensing to dark heavy liquid, bleaches litmus. 
Soluble in water (reddish) and CSj. With KIAq and starch gives blue 
color, due to free I. 

308 Chlorine CI. (Warm MnOj with cone. HClAq.) Yellowish 
gas, suffocating smell, bleaches litmus or indigo instantly. Soluble in 
water, yellowish. Shaken with KIAq and starch paste traces liberate I 
giving blue color, removed by an excess. Oxidizes more strongly than 
Br or I. 

Special test for CI compounds: {a) If a bead of NaPOs is dipped in CuO 
and heated in O.F. till it almost ceases to color flame, and any compound 
of CI is then taken up in the bead and the latter again heated, the flame 
beyond is colored strongly blue iCuCl2) and fringed with green. 

Compounds of Br and I give somewhat similar effects. 

309 Hydrogen H.- (From Zn + dilute HaSO^Aq.) Colorless, 
odorless gas, lighter than air; burns, mixed with air or O is explosive. 

310 Oxygen O. (Heat HgO or KCIO3 + MnOz in small tube.) 
Colorless odorless gas; reignites glowing splinter. Red fumes if mixed 
with NO. Absorbed by a solution of pyrogallol in KOHAq, which 
becomes black. 

311 Nitrogen N. (Warm KNO2 + NH.ClAq, or NH4NO2 or 
remove O from air by P). Odorless colorless gas, does not burn or 
support combustion; insoluble and chemically inactive. 

312 Nitrous Oxide, N-^O. (Heat NH^NOaO Colorless gas; 
reignites glowing splinter; not affected by mixing with NO or O. 
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313 Nitric Oxide NO. (Heat Cu + cone. HNO3.) Colorless 
gas, with air or O forms red acid fumes of NOj. Shaken with FeSO^Aq 
gives black (FeSOJxNOAq. 

314 Nitrogen Peroxide NO2. Red fumes, soluble in water (as 
HNO3 + HNO2 reddening litmus); formed by NO and O or air. 

31 5 Carbon Dioxide COj. (Na,COs or CaCOa + dilute H2S04Aq.) 
Colorless gas, heavier than air, extinguishes glowing splinter. A drop of 
Ba(OH)2Aq held in it becomes milky from ppd BaCOg. 

316 Carbon Monoxide CO. (Solid H2C2O4 heated with cone. 
H2SO4 gives CO + CO2.) Bums with blue flame to COg. 

317 Sulphur Dioxide SO2. (Heat Cu + cone. H2SO4.) Char- 
acteristic odor; soluble in water, reddens and then bleaches blue litmus. 
Reduces ferric salts to ferrous on heating; with H2S pps S, 

318 Hydrogen Sulphide H2S. (FeS + dilute HaSOiAq.) Char- 
acteristic odor; soluble in water; blackens silver or paper moistened 
with solution of a silver or lead salt. Burns in air with odor of SO2 ; 
oxidizing agents pp S. Reduces ferric salts to ferrous. HgS and SO2 
decompose each other, giving a pp of S. 

319 Ammonia NHh. (NH^Cl + KOHAq.) Gas with character- 
istic odor; highly soluble in water; gas or solution turns litmus blue; 
gas gives white fumes with gaseous HCl or other volatile acids, forming 
salts of ammonium (NH^). 

320 Phosphine PH3. (CaP + H2O) is readily inflammable in air 
(the impure gas spontaneously): the hydride having a characteristic odor 
(see 303<^). For Arsine AsHg and Stibine SbHa see 227 and 233, both 
are readily split up by heat. These three gases are strong reducing 
agents and give pps (Au, Ag, or AgaSb) when passed into solutions of 
Au or Ag salts. 

321 Hydrochloric, acid, HCl (NaCl + H2SO4). Pungent acid 
gas, gives white fumes when breathed upon or in contact with NH^; very 
soluble in water, reddens litmus: solution with Mn02 gives off CI. 

322 Hvdrobromic acid HBr (from sBr + P + 4H2O = sHBr + 
HaPOJ and Hydriodic acid HI (5 I + P + 4H2O) are gases with 
properties similar to those of HCl, but more readily decomposed by 
oxidizing agents, the latter by heat alone. 



92 

323 Hydrofluoric acid HF. (CaFa + HaSOi) somewhat resem- 
bles HCI, distinguished by attacking glass and not affecting Mn02. 
(See 336.) 

324 Gaseous hydrocarbons: Methane CH4. (Heat dry 
NaQHsO., + NaOH); Acetylene C^U^ (CaQ + 2H2O), etc.. are 
inflammable in air, burning with a luminous flame to COj + H2O, and 
explosive when mixed with O. C2H.2 has a characteristic odor (noticed 
when a Bunsen burner burns at the base), and gives a pp with an 
ammoniacal solution of CugO. 

325 Water HjO: recognized as tasteless liquid, by neutrality to 
litmus, and by restoring blue color to anhydrous CuSO^. Detected in 
solids by heating in glass tube. 

326 Hydrogen peroxide H2O2 (BaOj + H^SOiAqj sets free I 
from KIAq + FeSOiAq, detected by starch; decolorizes KMn04Aq 
liberating C. 

327 Sulphur trioxide S03,.and Phosphorus pentoxide P2O5 are 
white solids which combine ver>' energetically with water, the solutions 
giving reactions for sulphuric and (meta)phosphoric acids. 

328 Carbon disulphide CSg, Carbon tetrachloride CCl^: 
volatile liquids recognized by odor and high specific gravity. For other 
chlorides of P, Si, etc. , see 333. 



Compounds of Metals with Acid Radicals and Non- 

Metals. 

OXIDES AND HYDROXIDES. 

329 The oxides of the heavy metals and earths are nearly 
insoluble in water (excepting AsgOg, AS2O5, CrOa which are 
acid-forming); most of them react readily with acids, forming 
salts, but some oxides (especially those of Sn, Sb, Fe^'^ Cr'^' 
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and of Al and the earths), are somewhat difficultly soluble or 
insoluble after heating. Oxides and hydroxides of the alkalis 
are highly soluble, of Ba, ^- and Ca less, of Mg very slightly 
soluble. The oxides of Hg, Ag, Au and the platinum metals 
give off O on heating leaving metal, the peroxides of Mn, Pb, 
Na, K, Ba, Cr, Co, Ni, lose part of their O. These peroxides, 
warmed with HClAq, evolve CI. 

The colors of the more commonly occurring oxides are: 
white, those of the alkalis and alkaline earths generally, Al^Oa, 
AS2O3, AS2O5; zvkite to yellowish, ZnO, CdO, Sb^Oa, SbjO*, 
Sb.^05, BijOa, SnO^; dark brozvn to black, CuO, Hg^O, BijOj, 
Fe^O,. NiA, CoO, C03O,. Co.Oa. PbO„ MnO,, Mn.O*. BiaO^; 
brozvn, AgaO; yellozvish, PbO, NajOa, K2O4; yellow to red, 
HgO; red brozvn, Cu^O, FcgOs; red, PbsO*, CrOa; green, 
CrjOa, NiO. The colors of many are darker while hot. 

Hydroxides are generally more readily soluble in water 
than oxides, and react more easily with acids. Heated in 
closed tubes all metallic hydroxides give off water, except 
those of Ba and the alkalis, otherwise they act like the oxides. 
KOH, NaOH, and the alkaline earthy hydroxides, with 
AgNOaAq, give light brown pps, soluble in NH^OHAq. 

When precipitated from solution they are often lighter in color than 
the oxides {e. g., Pb(OH).2 is pure white). The proportion of combined 
water does not always correspond to the '^normal" hydroxide, depend- 
ing often on the conditions of precipitation (less at higher temperatures): 
some of the less positive metals (Ag, Hg) are ppd as oxides (138) while 
others form such pps as SnO(OH)2, BiO(OH), etc., and others lose all 
the combined water on heating, changing color (Cu(OH)2); others like 
Fe^^^ lose part only. 

The tests are chiefly negative: the insolubility of the heavy metal 
hydroxides, and the strongly alkaline reaction of those which are sol- 
uble, are characteristic, as is the odor of ** ammonium hydroxide" and 
the *' feel'* of solutions of the fixed alkalis, due to solvent action on the 
skin. KOH and NaOH solutions set free ammonia from NH4CI and pp 
blue Cu(OH)2 from CuSO^Aq, but the carbonates act somewhat similarly. 
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SALTS. 

330 SULPHIDES: hydrosulphuric acid H,S: use 
(NH4)jSAq, ZnS, and FeS^. • 

Sulphides soluble in water include those of the alkali and 
calcium groups, and HjS, their solutions give black pps 
(PbS and Ag,S) with Pb{C^H^O^)^Aq or AgNO^Aq and 
blacken metallic silver; MgS and AljSs are decomposed by 
water (MgS partially) forming oxides and H^S. The normal 
soluble sulphides (R^S) and sulphydrates (R'SH) are color- 
less, the polysulphides (R^Satos) are yellow in solution, all 
being decomposed by HClAq yielding HaS (318), polysul- 
phides also pp S. Those insoluble in water and readily sol- 
uble in dilute HClAq are ZnS, MnS and FeS; HCl evolves 
HjS from them, and very slowly from most others except 
As^Ss and HgS. All except HgS are decomposed by hot 
HNO^Aq, if very dilute this gives some HgS, but usually 
yields free S and H2SO4 (140). 

Heated in open tube, or on charcoal in O.F. all give oflf 
SO2, recognized by odor: in closed tube some {e. g,, FeSj) 
give free S, and a few (containing water) give H^S. All give 
the sidphur reaction with Ag after fusing with NajCOs (304^) 
even zvithout contact with C or R.F, 

331 CHLORIDES: hydrochloric acid, HCl : use NaClAq. 
Nearly all chlorides are readily soluble in water, excepting 

AgCl and Hg'Cl (Cu'Cl and TlCl) which are insoluble, PbCU 
only slightly soluble, and the chlorides of Bi and the Arsenic 
group which are decomposed by water, forming free HCl and 
partly dissolving, leaving insoluble basic salts or As^Og. 

Chlorides, as a rule, are more volatile than other salts of 
the same metals, many give oily sublimates on strong heating 
in closed tubes: those of Sn", Ti, As (Si, C, P''^ S) are 
fuming liquids. 

All give green flame with NaPOa bead and CuO (308^). 
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Cone. H,^SO^ on wanning gives oflf pungent fumes of HCl, 
except from very dilute solutions: with solids HKSO* may 
be used. Addition of MnOj then yields CI (308). 
Mixed with KaCr^O;, and warmed with cone. H2SO4 chlo- 
rides give off brown vapors (CrOaClg, chloro-chromic anhy- 
dride), which may be condensed and dissolved in water, the 
distillate gives reactions for Cr^'. 

AgNO^ with solutions (if not acid should be acidulated with 
HNOj,) gives a curdy white pp of AgCI, rapidly turned 
violet by sunlight (see 207), soluble in NH^OHAq (less 
rapidly after boiling) re-ppd by HNO3, nearly insoluble in 
acids. It must be carefully distinguished from other silver 
pps (AgCN, AgBr, AgCNS, Ag.FeCye). 
Free HClAq, with MnOa or other peroxides, evolves CI. 
Evaporated with an excess of HNO3 all chlorides, except 
AgCl, leave nitrates (see 352), NOCl and CI being given ofif: 
this must be repeated if the last traces of CI are to be ex- 
pelled. 

332 Double Chlorides. Among the more important double 
chlorides are those containing NH4CI with a dyad chloride, e.g,, Mg, 
Mn, Zn, which are not precipitated by NH4OH; and the chloroplati- 
NATEs containing PtCl^ and another chloride, usually of a monad metal: 
the chloroplatinates of K, (NH*), Rb, Cs, Tl, are nearly insoluble in 
water or alcohol. They may all be regarded as salts in which CI is the 
linking element, see 120. 

333 The following chlorides are met with chiefly as fuming liquids 
decomposed by water forming HClAq and the products indicated: SCI2 
and S2CI2 (yielding HaSaOgAq, SOgAq and ppd S), SiCl^ (HaSiOs as 
a gelatinous pp on boiling), SnCU (pps basic chloride), TiC^ (pps 
TiO(OH)2), AsCla (AS2O3, ppd by little water), SbCU (partial pp of 
SbO^Cl, etc.), PCI3 (H3PO3 and some P). 

PCls is solid, decomposed by a little water to solid POCI3 and HClAq, 
with more POCI3 forms HgPO^Aq and HClAq. 

ICl and ICI3 with KOHAq yield KClAq, KIAq, and KIOsAq. 

BiCls, SbCls and SnCla are solids, also more or less decomposed by 
water, forming free HClAq and a partial pp of b^^sic chloride (see 502). 
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334 BROMIDES: hydrobromic acid, HBr: use KBr. 
Bromides resemble chlorides in solubility and in many 

reactions; PbBrg is less soluble than PbClg. 

Cone. If.iSO^ on warming, gives off HBr (except from AgBr) 
partly oxidizing it to free Br; on adding MnOj (or KaCrjO,) 
free Br is readily obtained as brown or yellow vapor; on 
diluting and shaking with CS2 the latter becomes brown or 
yellow from dissolved Br. (See 307 and 322.) 

ClAq, added cautiously to neutral or acid solutions, gives free 
BrAq, best recognized by CS^^. 

AgNOi with solutions (neutral or acidulated with HNO3) pps 
yellowish white AgBr, difficultly soluble in NH40HAq. 

335 IODIDES: hydriodic acid, HI: use KI (see 306). 
Iodides generally resemble chlorides in solubilities, but 

Hgia is insoluble in water as well as Hg'I, and the iodides 

of Cu'' and Fe'" are unstable, giving Cul and Fel^ and 

liberating I. 

Cone, H^SO^ gives (except with Agl) free I, seen on warming 
as violet vapor (the H2SO4 is partly reduced to SO2, etc., 
unless MnOa is added); on diluting and shaking with CS^ 
the latter becomes violet. 
Reactions taking place in neutral or acid solutions: 

ClAq, added drop by drop, sets free I, detected by brown 
color, or by violet solution in CSj: the color is removed by 
an exeess of CI (forming ICl or HIO3), by alkalis (formings 

. ^. ^., KI + KIO3) and by reducing agents. 

HNO^ {nitrous aeid, from KNO., + HC^H.,0.,Aq), also FeCk 
and many other oxidizing agents (even CuSO^ but not 
HgCl^ liberate I. HNO^, Fed,, or ClAq, used with CS» 
or fresh starch paste, give the most satisfactory tests in 
doubtful cases. HNO^ if concentrated, but not when dilute^ 
sets free I. 

AgNO^ pps yellowish Agl, almost insoluble in NH40HAq. 
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336 FLUORIDES: hydrofluoric acid, HF: use NH.FAq 
and CaFa. 

Fluorides of the alkali-metals, and of the As group, Cr and 
Ag, are soluble in water, those of Hg", Fe, Ba and Sr slightly 
soluble, most others insoluble or difficultly soluble; but most 
dissolve in HCIAq. Those of the alkali-metals, Ca and Al, 
are the most common. CaF, is very slowly dissolved by 
HCIAq and re-ppd by NH4OH, but is decomposed by hot 
cone. HjSO*. 

Cone. H^SO^ decomposes all fluorides, evolving HF as 
pungent vapor resembling HCl, but capable of etching glass: 
test with watch-glass covering a capsule of platinum, lead or 
iron. Presence of B or Si (of glass) prevents reaction, forming 
volatile BF, or SiF^. If much SiO, is present or added the 
SiF4 may be led into water where it pps gelatinous Si(OH)4 
forming HjSiFeAq (fluosilicic acid). 

A solid fluoride powdered and heated with dry fused NaPO^ 
on a piece of platinum, placed in an "open tube," gives off 
HF, dimming the glass above it. 

Free HF in solution fumes like HCIAq, etches glass, turns 
Brazilwood paper from red to yellow, and dissolves finely 
divided SiO,, volatilizing with it on evaporation as SiF^: it 
cannot be kept in glass or porcelain vessels. 
CaCl^ pps white gelatinous CaF, and BaClt pps white BaF,, 

from solutions: the former is easily missed; both are very 

slightly soluble in acids. • 

337 Double Fluorides. A number of these are known, con- 
taining alkali-metal fluorides combined with those of earths or non- 
metals (e, g,. Si, Al. Ti, Sn, as in NaaAlFg, K^SiFe) which may be 
regarded as fluosalts. 

Fluosilicates: fluosihcic acid, H^SiFe. 

Fluosilicates evaporated with H^SO^ give off HF and SiF^ as white 
fumes which etch glass. In solutions of HaSiFg NH^OH pps white 
Si(OH)4. and BaCU pps white BaSiFe, insoluble in HCIAq. 

7 
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338 Other BINARY COMPOUNDS. The more familiar hydrides 
are the hydrocarbons, met with inflammable gases, liquids, or 
solids: burning to water and COj see 318 to 326. Nitrides: 
(for NHs see 319) a few metals (Mg, Li which combine directly 
with N when heated) form nitrides which with water give NHs 
and oxide, or with HCi give NHiCi and a chloride. Phos- 
phide of Ca (CaP) is decomposed by water, giving P hydrides 
(PH3, PHj, etc.) spontaneously inflammable; those of Cu and 
Sn are met with in alloys, usually hard and brittle if the pro- 
portion of P is large (303^). Arsenides are oxidized by 
HNO3 to nitrates and HgAsO^ (226-230). Carbide of Fe 
occurs in the ordinary metal, which gives off gaseous hydro- 
carbons with HClAq and usually leaves free C; some others 
give off volatile hydrocarbons with water, e. g,, CaCj (324). 
SiC (carborundum) is extremely hard, unattacked by acids 
{even HF). Silicide of iron (ferrosilicon) is very- hard, 
scarcely attacked by HClAq, readily by HFAq. 

339 CYANIDES: hydrocyanic acid, HCN or HCy: use 
KCN. 

Cyanides of the alkali and alkaline earth-metals are soluble 
in water and react alkaline, others are insoluble (except 
HgCy,), but many dissolve in KCNAq as double cyanides. 
In the dry way they act as strong reducing agents (146); less 
frequently in the wet way. The free acid and most of its 
soluble salts are highly poisonous; their solutions have a 
cliaracteristic odor and taste. Cyanides of heavy metals are 
decomposed when heated, leaving metal, sometimes mixed 
with C, and evolving N or CN, the latter burning in air with a 
red flame. 

HCly dilute H^SO^Aq, and most acids decompose most simple 
cyanides, evolving HCN with characteristic odor of almonds, 
highly poisonous. HgCya is only decomposed by H^S, 
AgNOz (from solutions acidulated with HNOs) pps white 
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AgCN, soluble in NH^OHAq; decomposed by fusion 
( = Ag + CN) and by boiling with strong HNO^Aq, other- 
wise like AgCl. From alkaline solutions no permanent pp 
may be obtained at first, and none in presence of ammonia. 

FeSOi, does not give blue colors at first (but may pp FeCy, or 
Fe(OH)2), but on (making strongly alkaline with KOHAq) 
shaking well and acidulating with HClAq, a pp of Prussian 
blue forms. 

Yellow {NH^\S^ reacts with free HCN and alkaline cyanides 
to form NH4CNS; on acidulating this forms HCNS and 
gives a red color with FeClgAq. 

In mixtures this is best effected by freeing the HCN with 
dilute H2S04Aq, causing evolved gas to act on a drop of 
(NHJjS^Aq held above it, then placing 'the latter on a glass 
plate and adding a drop of HClAq and several of FeCl^Aq. 

340 Double Cyanides. These are of two classes. 

{a) Decomposed by very dilute HClAq or H^SOiAq, evolv- 
ing HCN. 

These include the soluble double cyanides of alkali-metals 
with Ag, Hg, Cu, Zn, Ni, Cd, Co'': these are not usually 
affected by alkalis but ofT neutralizing their solutions (except 
Hg") with acids the metallic cyanides are ppd, those of Zn and 
Cd are easily redissolved by more acid, AgCy is not affected, the 
others dissolve with more difficulty. Some (e. g.^ Au) are not 
decomposed by acid in dilute solutions. 

{B) Those not easily decomposed by acids, the Cy and 
"heavy metal" forming a stable acid radical, e, g., those of 
Fe'', Fe''' and Co'''. 

341 Ferrocyanides and ferricyanides are the most 
important of the latter class, and are derived from the acids 
H,FeCy« (2HCy.Fe"CyO and H,FeCy« (3HCy.Fe"'Cy3). The 
alkali-metal salts are readily soluble, those of the alkaline 
earths less, those of heavy metals insoluble; but the latter are 
decomposed by Na^COsAq or KOHAq, forming soluble ferro 
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or ferricyanides of Na or K, Dilute HClAq affects them very 
little, concentrated or hot acids decompose them evolving 
HCN and forming blue products; evaporation with cone. 
HNOjAq or H^SO* decomposes them completely. Heated 
on C or in the closed tube they evolve N (sometimes NH3 or 
HCN) and leave magnetic residues, in the latter case contain- 
ing free Fe and C (and KCN in the case of K salts). 

Oxidizing agents (especially in acidulated solutions) convert 
alkaline ferrocyanides into ferricyanides — e. g., Br^ CI, HNO^, 
H^COr^, Reducing agents, e, g„ SnCl^, SO^y H^S, reduce ferri- 
cyanides to ferrocyanides. 

Their solutions decompose more or less, especially when 
boiled. 



FERROCYANIDES 

Use K4FeCy6Aq. 



Color of crystals and solutions 

FeSO^ (from acid solutions) pps 
FeCl^ 
CuSO, 

Uranyl acetate 
AgNO, 
Zn salts 

+ HClAq 



Yellow 



/ 



FERRICYANIDES 

Use KsFtrCygAq. 
Orange (blue or 



\ green on standing) 



light blue pp 
Prussian blue 
brown pp 
brow npp \ ;\^jl 

Wfeite^ 
insoluble 



deep blue pp 
no pp 
greenish pp 




342 THIOCYANATES or sulphocyanides: 
Thiocyanic acid, HCNS: use KCNSAq or NH.CNSAq. 
Most thiocyanates dissolve in water: when heated strongly 

they are decomposed. 

FeCU, after acidulating, gives blood-red Fe(CNS)8; color re- 
moved by HgClj. 

AgNO-, pps white AgCNS, insoluble in dilute HNCAq, sol- 
uble in NH.OHAq. 

CuSOi pps black Cu(CNS)2 with strong solutions, CuSOi+ SO2 
pps whitish CuCNS. 

HU H,SO, gradually evolve HCN. 
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343 Cyanates: cyanic acid, HCNO: use KCNO. 

Cyanates of the alkali-metals are soluble in water and give a white pp 
of AgCNO with AgNOs- HClAq and other acids evolve CO, with some 
HCNO (pungent gas), leaving NH^Cl, etc., in solution. 

344 CARBONATES: carbonic anhydride CO,: use 
NajCOs and CaCOj. 

Carbonates of the alkalis dissolve in water, a few dyad acid 
carbonates are soluble, but precipitate on boiling; normal 
soluble carbonates have an alkaline reaction, acid carbonates 
are nearly neutral with most indicators. 

HCl produces an effervescence with all carbonates, some 
(Mg, Fe") requiring heat; CO, escapes, recognized by pro- 
ducing turbidity in a drop of Ba(OH),Aq. 
Effervescence without odor on addition of an acid generally 

indicates a carbonate. 
BaCl^ (or any soluble Ba salt) pps white BaCOs from solutions 
of carbonates, but only Ba(OH), pps free COjjAq; pp is 
soluble in HClAq or acetic acid with effervescence. 

345 SULPHATES: sulphuric acid, H^SO^; anhydride, 
SOj: use Na^SO*. (See 304*.) 

Most sulphates are soluble in water, those 'of Pb, Ba, Sr 
insoluble; CaSO* is slightly soluble, soluble in HClAq; all 
are insoluble in alcohol, and the slightly soluble ones are 
precipitated on adding it. 

Heated strongly in closed tube, or on charcoal, sulphates of 
Mg and the heayy metals (except Pb) give off SO, and SO3. 
BaClt or Ba{N0^2 PP'^ white BaS04 from solutions; insoluble 

in dilute HClAq, even on boiling. 
Pb^C^H^O:)^ pps white PbSO^; soluble in HNOaAq or KOHAq. 

BaSO, is little affected by boiling wfth Na^COsAq, PbSO* 

forms PbCOa. 

Free sulphuric acid gives white fumes on evaporating its 
solutions to near dryness; at this stage it blackens sugar or 
paper, and evolves much heat if again diluted. 
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346 SULPHITES: sulphurous anhydride, SOji use 
Na,SOaAq. 

Sulphites of the alkali-metals alone are soluble in water; all 
are decomposed by dilute HClAq or other acids, evolvjng SO,. 
Br, CI or K^Cr^O^ oxidizes them to sulphates. 
BaCi^ pps white BaSOs from solutions, soluble in HClAq. 

347 THIOSULPHATES: (hyposulphites) thiosulphuric 
acid, H^SaOa: use Na^SjOsAq. 

All thiosulpliates are more or less soluble, those of alkali- 
metals readily. NajSaOsAq dissolves AgCI, etc., forming 
double salts. 
HCl sets free H^SjOg, decomposed (rapidly on warming) to 

SO2 and water, giving a pp of yellow S. 
BaCl^ gives a pp from strong solutions only: Ag and Pb salts 

give white pps at first, finally black AgaS or PbS. 
Iodine is absorbed by Na2S;403Aq, yielding NajS^Oe (tetrathio- 

nate) and Nal. 

Salts of the thionic acids (HaSjOe, HaS^Oe, etc.) and true hyposul- 
phites (H2SO2) are rarely met with: all give the S reactions (304^, etc.). 

348 PHOSPHATES: orthophosphoric acid H3PO4, 
anhydride P2O5: use Na^HPO^Aq and CajPO*. 

The pyrophosphates (H^PjOj) and metaphosphates (HPOs) 
differ in some reactions, but when treated with HNOgAq all 
yield H3PO4. Phosphates are not decomposed by heating, 
except with strong reducing agents, such as Mg or Na (see 

Only the alkaline phosphates dissolve in water, all are 
soluble in HN03Aq or HClAq. 

From neutral or alkaline solutions Magnesia mixture (am- 
monium magnesium chloride) pps white ]V[gNH4P04, insoluble 
in NH^OHAq, soluble in acids. 
HNO^ + {NH^.^MoO^ pps yellow ammonium phospho- 

molybdate from all solutions; this pp is of somewhat variable 
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composition, insoluble in HNOsAq, soluble in NHiOHAq, 

whence magnesia mixture then pps MgNH*?©*. 

If boiled with HNO, and metallic tin the metastannic acid 
formed carries down all the P as stannic phosphate, insoluble 
in HNO3. 

N. B. Arsenic and silicic acids should be removed before 
testing for phosphoric. 

349 Phosphites (HsPOj) and Hypophosphites (HPO3) are 
derived from the anhydride P2OJ, and Hypo phosphates (H^PjOe) from 
PO2 or PyO*. On heating in closed tubes they give off PH3 and H or P, 
and on charcoal burn like P. The first two are very strong reducing 
agents; HNO3 converts all into H3PO4. 

350 SILICATES: orthosilicic acid H^SiO*: metasilicic 
HjSiOs: anhydride SiOa: use water-glass (a solution of sodium 
silicate, Na2Si409) and feldspar KAlSiaOg. 

Silicates of the alkalis alone dissolve in water; these are 
decomposed by acids forming soluble silica, on evaporating or 
boiling, gelatinous Si(0H)4 is deposited. Many others are 
unaffected by acids, others are partly or wholly decomposed 
and on evaporation leave gelatinous Si(0H)4; on heating this 
SiOa is formed, insoluble in acids, except HFAq; the HF 
solution is volatilized on evaporation. Precipitated or gelati- 
nous silica dissolves in KOHAq or NaaCOjAq. 
SiOa and most silicates are insoluble in a bead of microcosmic 

salt, floating about as a '* skeleton." 
SiOa and insoluble silicates, fused on Platinum with 4 or 5 
parts of NajCOs or NaKCOs, form alkaline silicates, which 
dissolve in hot water, leaving metallic oxides or carbonates 
insoluble; on acidulating the solution with HClAq or 
HNOaAq (or heating the fused mass with the acid), evap- 
orating to dryness and treating with hot dilute HClAq, SiO^ 
remains insoluble. 
H-^SO^ + HFAq decompose finely powdered silicates when 
heated in a platinum or lead vessel: SiF* volatilizing. 



104 

35! BORATES: orthoboric acid HjBO, anhydride BA: 

use NajBA. 
Those of the alkalis are soluble, others insoluble or nearly so. 

Many borates swell when heated, lose water, and finally fuse. 

Cone, H^SO^ liberates HjBOa, from strong solutions this 
crystallizes out; stirred with alcohol the H,BOs dissolves 
and on burning it the flame is tinged green. Solids mois- 
tened with cone. H2SO4 or mixed with KHSO4 and held on 
platinum wire at base of flame, color it bright green. 

From strong solutions of alkaline borates Ba and Ag salts 
give pps readily soluble in acids. 

352 NITRATES: nitric acid HNO,, anhydride NA: 
use KNO5 and Pb(NO,X. 

All are soluble in water, except a few basic nitrates (Hg, 
Bi, Fe'''). Heated on charcoal all deflagrate. Heated in 
closed tube all give off O on strong heating, those of alkalis 
leaving impure nitrites, those of heavy metals also give red 
fumes (NO2 + O or sometimes HNO,) leaving oxides: 
NH.NO, gives 2H,0 + NA 

Cone, H^SO^ decomposes all nitrates liberating HNO,; on 
adding metallic copper this is reduced forming red fumes, 
except with very dilute solutions. 
FeSOi reduces HNO3 to NO (forming ferric sulphates) and 
with it forms black (FeSOjjrNOAq. To apply as a test: — 
treat the nitrate, solid or solution, in a test-tube with cone. 
H2SO4, warm gently, allow to become quite cool and pour 
on it an equal bulk of FeS04Aq. This floats on the heavier 
liquid, and at their juncture a dark ring is seen, becoming 
more apparent if the tube is gently rocked; heating destroys 
the color. 

N. B. Nitrites give this reaction and also deflagrate on charcoal. 
Chlorates, and large proportions of chlorides, interfere to some extent 
with the test. 
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HClAq, added in excess and evaporated, decomposes nitrates 

leaving chlorides and evolving NOCl and CI*: a second 

treatment leaves only traces of nitrate. 

Free HNOaAq (if not too dilute), warmed with metallic Cu 
or other metals or reducing agents, gives off NO which forms 
red fumes with air. With FeSO^Aq it gives a brown ring 
without addition of HjSO*. Evaporated in contact with pieces 
of quill or white wool these become yellow. 

Boiled with zinc-dust, or fused with NaaCOs and extracted 
with water, nitrates give solutions of nitrites ^ and traces may 
be detected in this way. 

353 Nitrites: nitrous acid HNO,: use KNO2. 

All are soluble in water. Most of the reactions, depending on reduc- 
tion, are not distinguishable from those of nitrates. NH4NO2 decomposes 
when heated into HjO and N. Dilute HClAq gives red fumes (NO2) 
from dilute solutions of nitrites. 
A7'+ HCiH^O^ liberates free I; acetic acid decomposing nitrites but not 

nitrates, the HNO2 oxidizing KI: the freed I may be recognized by 

means of starch paste. 
KMnOi is decolorized by nitrites, but not by nitrates. 

. 354 CHLORATES: chloric acid, HCIO3: use KCIO,. 

All are more or less soluble in water. Heated in the closed 
tube all evolve O and leave a residue of chloride. Heated on 
charcoal, or in contact with S, C, KCN or inflammable sub- 
stances they deflagrate or explode violently. 
Cone, H<iSO^ yields oxides of €1, dangerously explosive. 
Cone. HClAq evolves CI and CI oxides with characteristic 

chlorous odor. 

Perchlorates react somewhat similarly, leaving chlorides when 
heated 

♦Aqua regia (a solution of CI and NOCl) results when free HCl and 
HNO3 act on one another, or HCl on a nitrate, HNO3 on a soluble 
chloride, or H2SO4 on a mixture of chloride and nitrate. It acts as a 
powerful oxidizing agent for metals and sulphides. 
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355 BROMATES {e. g., KBrOs) and lODATES {e. g,,. 
KIOs) act much like chlorates, deflagrating on charcoal and 
leaving bromides and iodides. 

lodates evolve I with Cone. H^SO^y and solutions with 
AgNO^Aq pp white AglOj. 

356 HYPOCHLORITES: hypochlorous acid, HClOr 
use NaClO or Ca(C10)Cl. 

All are soluble in water; the aqueous solutions bleach 
litmus. On heating they yield chlorides. 
Dilute acids, even acetic, evolve CI. 
AgNOz with solutions, gives a pp of AgCl. 

SALTS OF ORGANIC ACIDS. 

357 Only a few of the more important will be studied. 
When they are heated more or less charring or separation of 
C usually takes place, with evolution of CO, CO2, water, etc.; 
heavy metals being reduced, alkali and alkaline earthy metals 
leaving carbonates. 

358 ACETATES: acetic acid, HC.HaO, or HAc: use 
NaC^HsO,. 

All are soluble in water, Ag and Hg' acetates the least. 
On ignition they yield volatile acetone (CO(CH3)2) with char- 
acteristic odor, leaving a carbonate, oxide, or metal. 
Cone. H^SO^ evolves free HjCjHjjOa, with pungent odor. 
Cone. II2SO4, with solids or strong solutions, mixed with a 

little alcohol (C2H5OH) gives acetic ether (ethyl acetate^ 

C2H5C2H3O2) with characteristic odor. 
FeC/3 gives a red color with solutions, and a brown pp on 

boiling (142). 

359 OXALATES: oxalic acid, H,CA: use (NH^^CA- 
Oxalates of the alkalis are soluble, most others insoluble. 

Heated with eone. H^SO^ the solids give off CO + CO2, with 
MnO^i, CO2 alone is evolved. 
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CaClx or CaSO^ pps CaCjO* from solutions, insoluble in acetic 
acid. 

KMnO^ is decolorized by hot acidulated solutions of oxalates. 

360 TARTRATES: tartaric acid, H^C^H.Oe: use the free 
acid. 

When heated, tartrates char and give an odor of caramel, and 
leave carbonates, etc. 

K salts, with strong solutions, pp white KHC4H4O6. 

Ca salts pp white Ca tartrate, soluble in acids. 

AgNO^ pps white Ag2C4H406: NH^OHAq dissolves the pp, 

but on warming the Ag is reduced as a mirror on side of 

vessel. 

361 CITRATES: citric acid, HsC.HA: use the free acid. 
When heated they behave much like tartrates, leaving 

C, etc. 

AgNO^y after neutrah'zation, pps white AgaCsHsO;: soluble in^ 
NH^OHAq, which does not pp Ag. 

362 HuMic Acid, of somewhat uncertain composition, may 
be extracted from soils, etc., by Na^COsAq, or NH^OHAq (if 
necessary, that combined with Ca, etc., can be fii-st set free by 
very dilute HClAq and the CaClj removed by washing). The 
alkaline solution is brown; on acidulating, the humic acid is- 
precipitated brown or black. 

Separations of the Acid Radicals. 

362 It is not easy to systematically group the acid radicals, as has 
been done in the case of the metals; and in analysis it is often unneces- 
sary to separate them before detection. Separation is usually effected, 
when necessary, by taking advantage of the differences in solubility of 
the Ba, Ag, Pb or Fe salts. Acids are sometimes grouped as "precipi- 
table by silver nitrate," " precipitable by barium chloride," etc., see 418 
to 420. 



PART IV. 



EXAMINATION OF SUBSTANCES OF 
UNKNOWN COMPOSITION. 

401 A portion, as larjje as convenient, of the substance to be 
examined should be kept in its original condition, in case the analysis 
may have to be repeated or some results confirmed: the supply is often 
limited, and, even if a large amount of material is availably, it is preferable 
to work with moderate quantities. 

By making a practice of observing closely the appearance, color, 
crystalline character, etc., of all substances met with, one can often 
decide at a glance the probable composition of an unknown salt, or some 
of the constituents of a mixture; but such indications should be carefully 
confirmed. 

402 In taking up a course in analysis, this part of the work is 
usually commenced by examining substances of simple composition 
(i. e.y simple salts, acids, hydroxides, or free elements) and determining 
their nature. It is seldom, however, that substances occur in actual 
practice which can be assumed to be of simple character, and ordinarily 
substances presented for analysis should be regarded as of entirely 
unknown composition, and a close search conducted for all possible 
constituents: unless it is only desired to decide the presence or absence 
of some particular radicals. 

The system outlined in table II is intended for the simple substances 
analyzed to give familiarity with the methods: the procedure given is in 
general the safest but should be freely varied if indications of particular 
substances seem to justify making a special test at once. 

403 For substances of unknown composition, possibly complex 
mixtures, the system recommended in the next paragraphs is generally 
very satisfac tory and should only be departed from in special cases (as 
where certain groups have been proved absent) at least until sufficient 
experience has been gained to allow of other systems being devised. 
"Short cuts" are often possible, but are not to be recommended to 
beginners: and it is to be noted that separation is generally necessary 

(io8) 
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before attempting a test — to prove the presence of a certain radical it 
is not sufficient to obtain a precipitate such as it gives with a certain 
reagent, but it is also necessary to insure the exclusion of all other 
radicals that can react similarly. 

It is self evident that no satisfactory test can be made for anything 
which has been added to the substance under examination, or that 
may have been formed in it; thus it is useless to test for chlorides 
in a solution prepared by the use oi HCl, and the test for sulphates 
is not conclusive after H2S has been added to a solution containing 
any oxidizing agent. 

Substances present in fair proportions are usually found in the prelimi- 
nary tests in the dr^ way, which should never be omitted with solids; 
but results thus obtained (especially if negative) should be confirmed by 
a searching analysis in the wet way. 

In the wet analysis the principal danger lies in taking too large or too 
small a quantity to work with, especially the former — this entails heavy 
precipitates, bulky solutions, slow filtration, imperfect washing and loss 
of time generally. 

Nearly all the work can be done in test-tubes, using small beakers or 
flasks if necessary; confirmatory tests can often be made with single 
drops on porcelain or glass plates or filter-paper. 

Great care must be taken to insure the exclusion of foreign matter, 
keeping beakers, etc., covered if left for any length of time; impurities 
in reagents must also be considered (136). Reagents should be used in 
as small quantities as possible, especially the stronger acids and alkalis; 
if large quantities of these are added, they Usually require neutral, 
ization later, thus loading the solution with salts which often seriously 
modify the effects of other reagents on substances present in small 
proportions. 

With due care several operations may be carried on at once; thus 
the silver and copper group and acids may be tested for while the 
remainder of the solution is evaporating, or the preliminary blowpipe 
tests may be made while another portion of the substance is being 
dissolved. 

All precipitates and vessels containing solutions should be plainly 
labeled if left for any length of time. Brief notes should be made, 
preferably in tabular form, and all observations and treatment indicated. 
In reporting results it should be stated whether substances found are 
present in considerable quantity or in mere traces. 

As a rule it is unnecessary, and with solutions it is often impossible, 
to state in what way the various metallic and acid radicals are associated, 
but any positive evidence on this point should be noted. 
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General Procedure. 

TREATMENT OF LIQUIDS. 

404 W Test with litmus, see 414. Evaporate a few drops 
to dryness on platinum foil, or on a watch-glass set over vessel 
of boiling water: observe amount and character of residue, if 
any. If residue is proportionally large, evaporate more and 
test in the dry way; the most common phenomena observed 
are given in 409 to 413. 

{b) Take a considerable portion and test for metals, see 
tables II, and III to Via, then test other portions for acids. 
If strongly acid it is best to decide the nature of the predomi- 
.nating acid first. 

TREATMENT OF SOLIDS. 

(Except metals and alloys, see 423.) 

405 Note closely appearance and general physical proper- 
ties. Make a thorough test in dry way; the most common 
phenomena observed are given in 409 to 413. 

Treat a very small portion of the fine powder in test-tube or 
small beaker with 5 to 10 ccs water, warm for some minutes, 
boil if not readily soluble (see 407). Test with litmus (414). 

Completely Soluble: dissolve }4 to i gram in water and 
proceed as in 404^. 

Not Entirely Soluble: boil }4 to i gram of fine jjpwder 
in 10 to 15 CCS distilled water 5 minutes or more, pour or 
decant off clear liquids: if it does not appear to dissolve ^t all 
filter a portion and evaporate a few drops just to dryness on 
watch-glass or platinum foil; any residue indicates partial 
solubility. 

Treat insoluble portion with dilute HClAq, heating moder- 
ately. If entirely soluble, proceed as in 404^; if a considerable 
portion dissolves and action then apparently ceases, pour off, 
and test residue with more HClAq. 
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The majority of substances are soluble in hot HCl Aq if in any acids ; a 
few sulphides, etc., require to be oxidized by addition of HNOj. If 
preliminary examination indicates any members of silver group, use 
dilute HNOaAq in place of HClAq. 

A residue insoluble in dilute HClAq is boiled with a little 
cone. HClAq, water added, and warmed. If this fails, use a 
little cone. HNO3 or aqua regia. • 

The use of HXO3, aqua regia, or of much cone. HClAq is to be avoided 
if possible. (See 503, 504.) The oxidizing agents are useless with sili- 
cates. H2SO4 is of little use as a solvent when these fail. 

The portions soluble in water and acids may be mixed or - 
tested separately for metals;* the portion finally insoluble is 
always to be tested separately. 

Frequently time is saved by analyzing the water and HCl solutions 
together, and the HNO3 or aqua regia solution separately: the latter 
{before mixing, if mixed) should be evaporated and most of the free acid 
expelled (see 503). In any case a precipitate may fall on mixing some of 
these solutions. When solutions are tested separately, it is sometimes 
possible to decide in what way the metals and acid radicals in solid 
mixtures were originally associated; but the results are often fallacious, 
as reactions may take place as soon as solution in water commences. 
As an instance, a mixture of NaCl, BaCOj, HgS and AgCl is separated 
by the solvents recommended, one simple salt being removed at each 
step, as they scarcely react on one another. On the other hand, a 
mixture of NajSO^, BaClj and AgNOa would react on addition of water, 
giving insoluble BaSO^ and AgCl, so that little information could be thus 
gained as to the original forms in which the radicals were combined; 
similarly NajCOg, BatNOala and AgNOa. Frequently the fact that reac- 
tions take place on adding water to mixtures is indicated by the change 
in color or crystalline condition. 

* If to be tested separately, the portion insoluble in each solvent should 
be well washed before treating with the next. 
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PRELIMINARY EXAMINATION OF SOLIDS. 

406 Color, — Compounds of NH4, Na, K, Si, Ba, Sr, Ca, 
Mg, Zn, Al are white or colorless unless combined with color- 
ing acids, as are most compounds of As, Sb, Sn, Cd, and many 
of Hg, Pb, Bi. Ag, 

Most sulphides, and the oxides and iodides of heavy metals, 
are strongly colored. 

Most compounds of Cu",.Cr'", Cr^^ Fe", Fe"^ Mn'^ Ni, 
Co, U, have characteristic colors when crystallized or in 
strong solutions. 

But too much importance should not be attached to color 
when dealing with artificial mixtures, or with substances con- 
taining much organic matter, as mere traces of certain organic 
coloring matters {e, g,, coal-tar dye stuffs) will tint large quan- 
tities of light-colored materials. Color also varies to some 
extent with fineness of division. 

407 Soluble in water. Salts of alkali-metals almost with- 
out exception, nearly all nitrates. su1p hatp5s, ^hlnriHe*;, br-omidc3 , 
itTdi^€S^ chloratOG , ac e tate s, mtHtes, thiewilptiates. 

Insoluble in water, ^ Most carbonates , phosphates, silicates, 
sulphites, fluorides and oxalates (of alkali-metals excepted); 
qxidfis, Jiydroxides and sulphides of heavy metals. and Mg; 
simple cyanides of heavy metals (except Hg); sulphatgs,^ 
'fia, Sr/Ca, Pb; v^hlprideSi bromides and iodides of Ag, Hg'^ 
(Cu') and Pb; a few oxychlorides, basic nitrates, basic sulphates, 
and basic salts generally; solid elements; most minerals. 

408 Specific gravity of salts is generally high with com- 
pounds of metals of high atomic weight {e, g.^ Hg, Pb, Bi, Ba, 
see 113), and low with those of low atomic weight, Mg, Al, 
Ca, ammonium, and all the alkali-metals; it varies consider- 
ably with the nature of the acid radicals with which they are 
combined, and is generally low when a large proportion of 
combined water is present. 
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409 Heat a small portion in a closed tube. 



No change occurs on strong igni- 
tion 

Infusible white residue 

Changes color 

White or yellow, darker hot 
Red, darker hot 
Scarlet to yellow 
Blackens permanently 



Absence of water or volatile or fus- 
ible substances. 
SiOa. AI2O3, etc. 



Compounds of Zn, Sn, Pb, Bi. 

Fe,03, HgO. 

Hgl^. 

Decomposing oxy-salts leaving ox- 
ides of Cu, Fe, Ni, Mn, etc. 

Organic matter. 

Water of crystallization, of constitu- 
tion, hygroscopic moisture, me- 
chanically inclosed, or from de- 
composition of organic matter. 
Gives off gas {test with litmus and glowing splinter). 



with burnt odor 
Gives off water 



Supports combustion 

Reddens litmus 

Red fumes, odor of NO2 

Od({rofS02 

CO2 (pps Ba(OH)2Aq) 
Turns litmus blue, odor of NH3 
CO, burns with blue flame 
H2S, odor, combustible 
-eN,"bttrrw, ^ urpliah -flftme 
Sublimate forms 

Yellow to orange 

Reddish brown (black hot) near 

assay 
Black near assay 
Tarry matter, brown or black 
Mirror-like silvery 

Steel gray 
Oily drops near assay 
White 



O or N2O from peroxides, nitrates, 
nitrites, chlorates, etc. 

■J' ^* 
Nitrates, nitrites ^ of heavy 

Sulphates, sulphites J metals. 

Some carbonates and oxalates. 

Ammonium compounds. 

Oxalates, organic matter. 

Some sulphides. 

Some cyanides. 



S*, AS2S3*, Hgl2. 
Sb20S2 (from SbaSs, 



etc.). 



HgS, Te. 

Organic substances. 
Hg (nearer assay Cd). 
As.* c r - • 
Many chlorides (Cu, etc.). 
Compounds of As, Hg, (NH4) and 
some of Sb. 



{^Confirm the latter by heating with dry Na^COi and charcoal in closed 
tube. Mirror of As or Hg; odor of NH3.] 

* Vapor yellow or brown. 
8 
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41 Heat on charcoal in oxidizing flame of blowpipe. 



Decrepitates 



Deflagrates or explodes 



OdorofS02 

Powder readily blown away 

Fuses 

Fuses and sinks 

Fuses, gives up water, and resolid- 
ifies 

Sublimate forms: 

White, remote, volatile 

Nearer assay t 
Near assay, yellowish, yellow 

to brown hot 
Very near, white cold, yellow 
hot; residue glows f 
White infusible residue, f glows 

Black or colored residue 

Magnetic on cooling 



Unequal expansion or inclosed 
water; alkaline chlorides; many 
crystals and minerals. 

Liberation of O from fused sub- 
stances: nitrates, alkaline per- 
oxides, chlorates, etc. 

Sulphides, sulphates, etc. 

Escaping gas: usually water or CO^. 

Not very characteristic; chlorides, 
salts of alkalis, etc. 

Salts of alkali-metals. 

Water of crystallization in a highly 
soluble salt; many sulphates, 
NajCOs, etc. 

As (Hg, NH4-, PbCl^). 

Sb. 

[Volatile in either flame] Pb, Bi. 

[Non-volatile in O.F.] Zn, Sn. 

Ba, Sr, Ca, Mg, Al, SiOa, rare 

earths. 
Many heavy metals, Fe, Cr, Ni, 

Co, Cu, etc. ^' ' 
Fe (Ni, Co). 



41 1 {a) Mix ivith dry Na.,CO^ {or KCN -f- Na^CO^,) heat on 
charcoal in reducing flame. 



Sublimate forms 
Odor of garlic 

Reduced to metallic beads 



As, Sb, Pb, Bi, Zn, Sn, as above. 
As, P (compounds other than phos- 
phates). 
Brittle fusible, Sb, Bi. 
Malleable, fusible, bluish, Pb. 
White: fusible Sn, less fusible Ag. 
Red, difficult to fuse Cu. 
Yellow Au. 



[t With white ^ or lights residues or sublimates near assay — cool^ moisten 
with Co{NO-^-iAq^ ignite strongly in 6>./^, allow to cool. Sky-blue infus- 
ible, Al, some silicates; blue fused, borates, phosphates, silicates of 
alkali-metals; light green, Zn; bluish green, Sb, Sn; light pink, Mg.] 
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{b) Dig out residue and coal that has absorbed flux, crush 
and test with magnet. Magnetic, Fe, Ni, Co. 

{c) Lay poivder on a silver coin, add a drop of water. Black 
stain (AggS) indicates a compound of S (Se or Te). 

412 (^) i^est a small portion of powder in borax bead i^i 
O.F., then in R.F. 

[Si^stances containing^ S, As or easily reducible metals should first be 
thoroughly roasted on charcoal in O.F.^ beginning at a low temperature, 
and non-volatile residue treated, '\ 

Bead is colored: blue Co; green Cr; green hot, bluish cold O.F., red- 
dish (opaque) in R.F. when cold, Cu; brown (violet hot) in O.F , turbid 
R.F., Ni; violet O.F., colorless R.F., Mn; yellow to red hot, lighter 
cold, greenish in R.F., Fe; yellowish hot, colorless cold O.F., turbid in 
R.F., Sb, Pb, Bi, Ni, etc., not characteristic; white and opaque when 
highly saturated, Zn, Mg, Ca, etc., earths. 

[(^) See also Mo, U, V, Ti, W, Cb: if any of these rarer elements are 
suspected test in NaPOs bead in R.F.: also fuse another portion with 
Na^COz-^- KCIO^^ or with Na^Ot (green or blue Mn, yellow Cr), dissolve 
in water, add HClAq in slight excess, then zinc; gradual change of color 
of solution: yellow to green, Cr; becomes violet, Ti; blue followed by 
other shades, xMo, W, V, Cb.] 

413 (<^) Moisten a little powder ivith cone. HClAq, take up 
on clean platinum zuire, test in non-luminous flame (see 149). 

Yellow Na; orange-red Ca; crimson Sr, Li; light green Ba (Mo); dull 
green Sb, P, N compounds; bright green B (in B2O3, TI); strong blue 
bordered with green, Cu; blue, Pb, As; purplish, K. 

{b) Mix powder ivith a drop of cone. H^SO^ {or with KHSO^ 
and test at base of flame; bright green B, borates; dull green 
H.sPOi, etc.; bronze green, indistinct, some N compounds. 

[Pesidue from (b) may be dried {see also 280), heated on charcoal in 
R.F., again moistened with HClAq and tested, see (a).] 

EXAMINATION IN THE WET WAY. 

414 With liquids, or substances soluble (wholly or par- 
tially) in water, test original liquid or aqueous solution with 
litmus paper (117). 
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Acid reactioji indicates free acid, acid salts, or salts of strong 
acids with heavy metals. Free acid sometimes results from 
decomposition of salts of less positive metals by water (502). 

Alkaline reaction indicates alkaline or alkaline earthy hydrox. 
ides, sulphides, or cyanides, carbonates of alkali-metals, and 
generally salts of the more positive metals with the' weaker 
acids. 

Neutral reaction is met with in comparatively few salts, such 
as those of the alkali and alkaline earth metals with the 
stronger acids (see no, 171). 
Solutions of nearly neutral reaction will rarely be found to 

contain many heavy metals and weaker acids associated. 

415 Test a small portion of original substance (unless 
obviously a "metalliferous" mineral or metal) for ammoniunt 
compounds.hy warming with KOHAq (see 290). 

If iron is likely to be present it is also advisable to test 
solution for Fe" and Fe"' by KsFeCye and KCNS, before oxi- 
dation can take place. 

GENERAL EXAMINATION FOR METALLIC RADICALS. 

416 Take a considerable portion of the solution (see 404. 
405) and test for metals (see Table III), test the precipitates 
obtained in the various groups by the methods given in tables 
IV, V, and VI. Consult the notes in Part 5. If originally 
strongly acid it is advisable to decide first what is the pre- 
dominating acid; if a strong oxidizing agent it may be 
removed at once, and with substances that deflagrate on 
charcoal this is generally advisable (see 303^^). 

TESTS FOR ACID RADICALS. 

417 Having determined the metals present a little consid- 
eration will often show what acid radicals are likely to be 
present, and which are certainly excluded; e. g., if Ba is found 
in a mixture readily soluble in HClAq, it is useless to test for 
sulphates. 
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Several •acids will, if present, have been indicated during 
the testing for metals — carbonic, silicic, phosphoric; and if 
arsenious, arsenic, or chromic acids are present, As or Cr will 
have been precipitated. See also 503 and 418. 

The preliminary dry tests will also have given indications as 
to whether nitrates (or nitrites), chlorates, etc., are present by 
deflagration, etc., and especially as to the absence of organic 
acids, other than oxalic; and the failure to obtain a reaction 
with the sulphur test shows the probable absence of sulphur 
acids. The test in the NaPOs head with CuO may prove pres- 
ence or indicate absence of CI, Br, or I compounds. But negative 
results obtained in the dry way should be carefully confirmed. 

The following tests are to be made with successive small 
portions of the original substance, or with the water solution. 

They may also be made with the substance after decompo- 
sition, with NagCOs (fused, or boiling solution), the insoluble 
bases being first filtered off; but this treatment is as a rule 
unnecessary. 

418 (^) Add dilute HClAq to a portion of original substance 
and warm gently. 

Effervescence or evolution of gas: generally indicates a carbonate 
without odor {test evolved gas ivith a drop of 

Ba{OH).iAq\ but may be due 
to H evolved by some metals. 
With odor of H2S a sulphide; {gas blackens lead- 

paper^ polysulphides also pp 
free S. 
SO2 a sulphite or thiosulphate (the 

latier deposits S). 
HCN (like almonds) a cyanide. 

CI a hypochlorite or peroxide. 

Odor of NO2 (red fumes) a nitrite (sometimes, with NOCl, 

from a solid nitrate, or strong 
solutions on heating). 
CI and CI oxides (yellow) chlorates (solid or strong solution, 

heated). 
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{b) 'Jo the HCl solution add BaCL^Aq: white pp, insoluble 
in hot water or dilute acid, indicates a sulphate. 

A fluosilicate gives a whitish gelatinous pp (BaSiFe^, also insoluble. 

(In presence of any silver group metals use HNO^Aq and Cl-free 
Ba(N0i^2Aq on a fresh portion, or treat with some excess of HClAq, 
filter, and test filtrate with BaCl^Aq.) 

Care must be taken to -avoid boiling the HClAq, or mistaking the 
odor of HCl for that of the decomposition products mentioned. 

Effervescence should be closely looked for. Bubbles of air escaping 
from powdered or porous solids may be mistaken for decomposition 
products; this may be avoided by first adding water, and HClAq only 
after air has escaped. When but little gas is evolved, no efTervescence 
may be observed. 

HgCy2, AgCy and some double cyanides and insoluble sulphides do 
not react with HCl; contact with zinc and HClAq in some such cases, 
causes slow evolution of HCN or H2S. 

From solutions not previously acidified BaCljAq may also give a yellow 
pp from alkaline chromates, white from alkaline carbonates, sulphites, 
phosphates, borates, fluorides, oxalates, citrates, tartrates, or from the 
corresponding free acids except hydrofluoric and sulphurous and car- 
bonic: the latter is precipitated by Ba(OH)2. All these are soluble in 
warm dilute HClAq. 

Concentrated hydrochloric and nitric acid give pps with Ba salts. 

419 (^) Add dilute HNO^Aq in slight excess to another por- 
tion; warm very gently. 

The same phenomena, effervescence, etc., may be observed as with 
HClAq (418), with the same inferences; in addition, S sometimes sepa- 
rates from other sulphides. NOCI may be given off' by chlorides, and 
NO by metals or other reducing agents, or free I from iodides, especially 
if the acid is too strongly heated or insufficiently diluted. 

{K) To the clear acid solution add a few drops of AgNO-^Aq; 
if a considerable precipitate forms add somewhat more, 

A small quantity suffices to prove 4ibsence of chlorides, etc. ; if only a 
very faint cloud forms, make a blank test with some of the HNOgAq used. 

\_If a precipitate forms wash'^ it by decantatioft and treat with NH^OHAq; 
if not entirely soluble, filter^ and acidulate filtrate with HNO^Aq; if any 
has dissolved, it will be reprecipitated.'] 

*Washing of the pp can only be omitted in the proved absence of non- 
alkaline metals, or with solutions which, before addition of AgNOj, are 
not precipitated by NH4OH. 
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White pp, soluble in NH^OHAq (AgCl) from a chloride (or hypo- 

chlorite). 
(AgCN) cyanide. 
(Agio ) iodate. 
White, soluble in NH^OHAq (but (AgCNS) thiocyanate. 

less easily) 
White, almost insoluble in (Ag^FeCye) ferrocyanide. 

NH.OHAq* 
Yellowish white, difficultly soluble (AgBr) bromide. 
Yellow to yellowish-white, almost 

insoluble (Agl) iodide. 

Yellowish, soluble* (AgaFeCyg) ferricyanide. 
Black, insoluble in NH^OHAq 

(slowly soluble in hot H NOaAq) (Ag^S) sulphide. 

Black, formed slowly (AgaS) thiosulphate. 

After being heated the pps are less readily soluble in, ammonia. 

Where a number of the above radicals are likely to be present, it 
may be necessary to add excess of AgNOa, and treat the mixed pp with 
successive small portions of NH^OHAq, filtering and acidifying each, to 
effect a partial separation; but in most cases all the necessary information 
can be gained from a consideration of the results of the tests with HClAq, 
concentrated H2SO4, and the iron salts. 

The silver salts of these radicals, insoluble in HNOaAq, do not 
answer to above tests: some of the Hg^^ salts (e. g.^ HgCyJ, though 
soluble, do not react, or require an excess of reagent: Hg may be 
removed by H2S. 

Silver acetate or sulphate is occasionally used to remove some of 
above radicals, when they interfere with tests to be made subsequently 
for HNO3. 

By adding AgNOsAq to the original or water solution before acidula- 
tion there may also be obtained a black pp from sulphides of metals of 
alkali or Ca group or free HjS; a yellow pp from phosphates (ortho-), 
arsenites, or silicates; red-brown from arsenates or chromates; light 
brown from hydroxides of K, Na, or Ca group (possibly NH4OH); white 
(brown on boiling) from carbonates of Na or K; white (redissolving at 
first, black when acidulated) from thiosulphates; white (redissolving 
readily at first) from alkaline or Ca group cyanides: but all except AgCy 
and AgzS dissolve pretty readily in HNOaAq as well as in NH^OHAq, 
and these two dissolve in hot moderately strong HNOgAq. Some strong 

*On warming with NH^OHAq Fe hydroxide is ppd. 
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reducing agents {e. g.^ As^Oa, phosphites, alkaline tartrates, lormates, 
etc., and other organic substances, especially in presence of free alkali) 
may give black or gray metallic Ag, easily soluble in HNOsAq. From 
concentrated solutions of acetates or sulphates the Ag salts may pp, 
soluble on diluting. 

420 (^) Treat a portion with concentrated H^SOj heat, very 
gently at first , then raise temperature gradually, but not enough 
to vaporize reagent, 

CO2, HaS, SOa, HCN, etc., may be observed as with HCl or HNO3, 
but H2S or SO2 may come from reduction of the reagent itself, in 
presence of certain reducing agents (iodides, metals, etc.) HCN from 
complex cyanides, thiocyanates, etc., CO2 from oxalates as well as 
carbonates. 

Strong acid fumes, colorless HCl, from a chloride 

HBr, or HF, bromide or fluoride 
HNO3 from a nitrate, see below. 
\_Co7ifirm HFby etc hmg glass, HCl or HBr by adding MnOi.'\ 
Odor of acetic acid An acetate. 

Red to brown fumes Br from a bromide. 

CrOaCla from a chromate and 
chloride together. 
Yellowish CI from a hypochlorite or from a 

chloride and oxidizing agent 

together. 

CI oxides from a chlorate (often 

explodes). 

Red or brown, with odor of NO or From a nitrate or nitrite (the 

NOCl former only with solids or 

strong solutions, best after 
adding Zn or Cu). 
Violet vapor I from an iodide or iodate. 

(b) Cool acid liquid^ add, zvithout mixing, an equal bulk of 
FeSO^Aq: dark ring at contact (due to NO) shows a nitrate 
or nitrite. 

If haloeen salts are indicated, test with MnOa + cone. H2SO4; this 
indicates chlorides, bromides, or iodides by freeing CI, Br, or I, and also 
oxalates by liberating CO2 (conclusive only if carbonates are first decom- 
posed by dilute H^SO^Aq). 
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421 Special tests should be made for oxalates by CaCla 
(confirmed by CaSOiAq in acetic acid solution, as HF gives 
a similar reaction), for fluorides by the etching or dimming of 
glass by liberated HF, for borates by flame-coloration, for 
phosphates by ammonium molybdate in nitric acid solution, 
and for cyanogen compounds (if not previously found or 
proved absent) by FeCls and FeSOi in HCl solution; also for 
arsenites, arsenates, chromates, etc., if suspected. 

It is impossible to give simple directions for the many cases that may 
arise in which the reactions of one acid radical mask those of another: 
most of these are solved by the use of other reagents which affect the 
two radicals differently, but in some cases special difficulties are met, 
eg,, it is not easy, afler recognizing two of the halogen acids as present, 
to decide whether the third is also present. 

PORTION INSOLUBLE IN WATER AND ACIDS. 

422 If none of the solvents used (405) had any appreciable 
effect a fresh portion may be taken here, otherwise the undis- 
solved residue is used. This can only contain a limited num- 
ber of substances, viz.: 

C or S recognized by color, combustibility, or deflagration 
with KCIO3; AgCl.* soluble in KCNAq (or NH.OHAq); 
PbSO^* soluble in KOHAq (orTMH.C^HaO.Aq) ; green CrA 
or Cr2(S04)3,t red or brown Fef oxides, brown or black 
FeCrO,t or FeTi03,t and white ALA, BaSO^, SrSO,, CaSO^.f 
CaF-^.t SbOa, with SnO.^ SiO,j and native silicates and aluni- 
inates. 

A portion of residue should be tested with the blowpipe. 
Ag, Pb, Sn, Sb, S may be found with soda or KCN on 
charcoal. 

The finding of Pb indicates a sulphate and of Ag a chloride, but the 
tests are not conclusive in this respect, as the former may be obtained 
by the oxidation of PbS by aqua regia, and the latter from Agl, AgCN, 

♦Reducible by the blowpipe with KCN + NazCOs on charcoal. 
fOften found to have gone partially into solution. The oxides of Al, 
Cr,- Fe, Sn, Sb, are nearly insoluble.if native or if ignited. 
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etc., which are insoluble in HClAq but mainly converted into AgCl by 
it or by aqua regia. 

To confirm these acid radicals (if not found otherwise) test one portion 
of original substance with hot NaaCX)aAq and another with NH^OHAq, 
filter and test the first for sulphate and the latter with HNO3 for AgCl. 

The color may be a sufficient indication of Cr or Fe, con- 
firm in borax bead; they will often be found to some extent in 
the acid solution. Ba, Sr, and Ca are tested by flame-color 
after heating on charcoal in reducing flame, and adding 
HClAq. If Ca is found test specially for a fluoride. 

SiOa (unless from the decomposition of silicates) is often 
hard enough to scratch glass, similarly native AI2O3 and 
many native silicates. The silicates and SiO^, after drying 
thoroughly, effervesce when fused with freshly fused NajCOs. 
Heated with HFAq and HjSO^Aq in a platinum capsule they 
dissolve, and on evaporation the Si is volatilized. 

To test systematically, free a portion from Ag and Pb by 
KOHAq and KCNAq, and from C and S by burning. Dry 
the residue and fuse with about 4 parts by weight of NazCOg 
or NaKCOa and one of KCIO3 on platinum foil for some time. 
Treat the residue with water, boil two or three minutes and 
filter. Solution may contain ^(beside carbonate and chloride) 
the Cr, F, SO4, and more or less of the Al, Sn, .Sb, SiO^ in 
the form of alkaline salts. Acidulate, evaporate to dryness, 
heat gently, treat with dilute HClAq: SiO^ remains insoluble, 
test in NaPOg bead. Treat the filtrate for other radicals 
mentioned. 

The residue from fusion, insoluble in water, may contain 
Fe, Al, Ba, Sr, Ca (Sb, Sn); treat with HClAq and test. 

Some alloys of Au + Ag containing over ^ gold are 
insoluble in aqua regia: these are fused with two or three 
parts by weight of Ag (or Cu), rolled out and the Ag (or Cu, 
removed, with other metals) by HNO3. Alloys of Au + Cu, 
rich in gold, are not attacked by HNOj,, but dissolve in aqua 
regia (see 423). 
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TREATMENT OF METALS AND ALLOYS. 

423 Note color and whether malleable, brittle, or readily 
fusible; test with magnet. (See 293.) 

Metals present in any considerable proportion can be 
detected by the blowpipe (see 410). 

If brittle, powder about a gram; if malleable, cut up or roll 
out thin, so as to expose a sufficient surface to solvents. 

Treat a small portion (about y^ gram) with 10 to 15 ccs of 
moderately strong HClAq and another portion with mod- 
erately strong HNOjAq: keep somewhat below the boiling 
point for some time. Most alloys are attacked by one or the 
other. 

{a) If HClAq dissolves it readily, Bi, Sb, Pb, Hg, Ag, Au 
Cu are not present in large proportions: proceed to test for 
metals in solutio|>. 

{b) If HNOgAq dissolves it readily and completely, Al, Cr, 
Sn, Sb, Au, Pt, are not present in large proportions: evaporate 
down twice with HClAq (503) and test for metals, and also 
for H3PO4 and H.^S04, indicating P and S in the alloy. 

{c) If HNO3 forms a white deposit, insoluble in hot water 
or dilute HNOgAq, Sn or Sb is present: filter, wash pp well 
with hot water. Treat filtrate as in b. Digest pp with a few 
drops of KOHAq and some yellow (NH4).^SiAq, at a gentle 
heat: add some water, warm and filter if necessary: acidulate 
filtrate with HClAq and test pp for Sn, Sb, and As, see Table 
VI, Arsenic Group. 

The white pp always retains As and P if present. 

{d) If insoluble in either acid treat with aqua regia: evap- 
orate as in b, dilute, filter off AgCl if necessary, and test for 
Au and Pt in the concentrated solutions (251), then for other 
metals. (See also 422.) 
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CASES REQUIRING SPECIAL TREATMENT. 

424 In cases where a number of acids require to be tested for, and 
heavy metals are present, the latter may require to be removed: it is 
then advisable to boil the powdered solid or a strong solution with a 
strong solution of NajCOs for 5 or 10 minutes, filter, and test for acids in 
the filtrate. This is rarely necessary in the test for sulphates, nitrates, 
or phosphates, and is useless with carbonates and sulphides. It is not 
always applicable with Hg salts: when Hg or the As group interfere it is 
preferable to acidulate with HCl and remove metals with HgS before 
testing for acids. 

Silver, in the form of chloride, bromide, iodide, or in cyanogen com- 
pounds, barium and strontium in the form of sulphate, and most of the 
silicates require fusion with NaaCOg or NaKCOa to effect decomposition, 
the filtered water extract being tested for acids. 

It must be remembered that certain acid radicals may be decomposed 
by this treatment, usua'ly by oxidizing or reducing one another: chlo- 
rates, chromates, nitrates, etc., decomposing cyanides, sulphidts, and 
organic radicals, and being themselves reduced. 

425 \xi furnace products and silicates ifenerally the treatment in 
424 or 430 is to be applied, unless HClAq effects decomposition: no tests 
should be made for nitrates or any organic acids, but phosphates, sul- 
phides, carbonates, chlorides, and sulphates should be looked for. 

4Z6 Complex cyanides: these often require special treatment: the 
solution or solid is evaporated down with HjSOi or cone. HNO3 and 
residue tested for metals: pe, CO, etc., thus found may have been 
present in the acid radical of a complex cyanide. For acid radicals the 
treatment in 424 is adopted and the tests below applied. 

If HCN has been evolved at any stage test the faintly acidulated 
solution with FeCl^ and FeSO*: if no coloration is obtained test carefully 
for simple cyanides. If FeCls gives a blue color take a fresh portion, 
mike faintly acid with HClAq, add FeC^Aq (blue pp = ferrocyanide), 
warm a few minutes, allow to stand, filter (repeatedly if necessary) till 
clear (red color of solution = thiocyanate), add FeS04Aq or SO, (blue 
= ferricyanide), filter till clear, make alkaline with KOHAq, shake well' 
acidulate with HClAq, blue color (Prussian blue from ferrocyanide 
formed) indicates a simple cyanide. Zinc interferes with the tests for 
ferro and ferri-cyanides, it cannot be completely removed from cyanide 
solutions by NajCOa. Hg should be removed by HjS before making 
above test. It must be remembered that ferrocyanides are converted into 
terricyanides by oxidizing agents, reducing agents reversing the change. 
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427 Quartzose ores (gold ores, etc.) and vein matter containing 
small proportions of metalliferous minerals The most commonly 
occurring of thea.i minerals are pyrite (FeS.J, chalcopyrite (CuFeS^), 
magnetopyrite (FeTS^). arsenopyrite (FeAsS), galena (PbS), blende (ZnS), 
with other more complex sulphides, arsenides, antimonides, etc., silver- 
' bearing sulphides, Te and tellurides of Ag or Pb, and from oxidized 
ores green or blue carbonates of copper, red, brown or black oxides of 
iron, black MnO^, free gold, silver, or AgCl. Cinnabar (red HgS) and 
free S are sometimes found. 

1[ in particles of moderate size, these can often be picked out and 
recognized individually by physical properties, even when in such 
extremely small proportions as to be easily missed in a wet examination 
of the whole mass. When the proportion is small the ore should be 
crushed moderately fine and "homed" or "panned" by washing under 
water in a small porcelain dish to remove the lighter material and con- 
centrate the heavier sulphides, etc. By spreading the "concentrates" in 
the dish, and washing down with a fine stream of water from wash 
bottle any free gold can usually be seen at edge, unless covered by a 
large proportion of sulphides. To detect the gold the sulphides may 
be removed from a portion of concentrates by heating with hot HMO3, 
and washing repeated. Another portion of concentrates is treated with 
HNO3 or aqua regia and tested for non-alkaline metals (405). 

Or the S and As are roasted off by heating and stirring in an open 
dish till there is no further odor of SO2, the residue is digested for an 
hour with warm Br water which is filtered off, boiled to remove free Br, 
and tested for Au by absorption in paper and burning (245) and for 
Cu by flame-color, etc. (216): the residue is washed free from Br and 
warmed for some time with KCNAq; on filtering off and acidulating the 
latter a pp of AgBr shows the presence of silver. 

For Au and Te the concentrates are put in a porcelain dish with 
water enough to cover them, a few grams of sodium amalgam are added 
and stirred in, when a purple color in solution indicates Te (247): the 
amalgam is then rubbed and ground well with ore, the latter is washed 
off into another dish: the amalgam is dried, Hg evaporated off at a low 
temperature, the residue may then contain Au and Ag, fuse or cupel and 
test. Or treat the amalgam with hot HNOgAq, the brown residue con- 
tains Au, fuse and test. The sulphides from which the amalgam has 
been removed are generally easily attacked by acids, and may be tested 
for heavy metals, Hg excepted. 

If milled, or crushed in an iron mortar, the ore may contain metallic 
iron (or Fe + Cr) from wear of castings; this is best removed at first by 
a magnet, which may also take up some of the Fe minerals mentioned. 
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The lighter gangue, or a portion of it, is first treated with hot HClAq 
which may dissolve carbonates or other compounds of Ca, Mg, Fe, Mn, 
Cu, leaving Si02 and silicates of Al, Mg, Ca, etc. (such as feldspar and 
mica), sometimes CaSO^, BaSOi, PbSO*, or CaF^, which should be 
tested for. 

428 With highly sulphuretted or arsenical ores, or any carrying but 
little silica or earthy minerals, the preliminary concentration (427) is 
omitted and the material attacked at once by HNO3, aqua regia, HNO3 
+ Br, or HCl + KCIO3; or it is roasted and treated with HClAq, etc., 
as in 405. 

429 The presence of considerable quantities of organic matter 
often makes it impossible to test f(»r the ordinary' (inorganic) acids and 
bases. Several methods may be used to remove it. 

(a) It is burnt off by heating in air in a porcelain or platinum vessel: 
volatile substances may be lost by this treatment. 

{b) It is oxidized by heating with cone. HNOs (or HNO3 + H2SO4), 
evaporating to dryness, and redissolving in dilute acid. 

{c) The mixture is dialyzed through parchment paper or an animal 
membrane, the crystallizable substances passing through into the water, 
which is then evaporated and tested. 

(d) Organic matter of some descriptions can be removed by solvents, 
e. g,, ether and gasoline are solvents for fats, alcohol for resins, CS2 for 
rubber, etc. 

Thus paints in oil may be treated with HNO3 and the floating oil 
removed by filter-paper; or the oil may be dissolved out by gasoline or 
ether and the residue tested. Samples of metals and alloys are often 
coated with grease or oil, removable by gasoline or ether. 

No mention has been made of the means of detecting or separating 
the many organic substances frequently met, e.g., the alcohols, ether, 
chloroform, acetone, phenol (carbolic acid), glycerine, the sugars, etc.; 
many of these are readily recognized by odor, taste, specific gravity, 
volatility (some of the lighter liquids producing intense cold by evap- 
oration), viscosity, combustibility, etc., but in mixtures their detection is 
often a matter of difficulty. 

430 Alkali-metals in silicates which resist HClAq cannot be detected 
by the usual methods, and it is useless to test for them after fusion with 
carbonates (424). The fine powder may be mixed with HFAq and 
HjSOiAq in a platinum or nickel dish, warmed and stirred for some 
time, and then evaporated (under a hood) as long as fumes rise; Si is 
thus expelled as SiF,. The residue is heated with HClAq, filtered, and 
solution tested for alkali-metals, and other metals if necessary. 



PART V. 

NOTES. 

REFERRING TO TABLES III to VI. 

N. B. Whenever a filtration is directed in the tables a horizontal line 
is drawn, followed by a vertical; the latter separates the directions for 
treating the solid and the soluble portions. The previous treatment of 
any portion at any stage can always be found in the space above. When 
no precipitate forms filtration is omitted. 

501 Reagents should^ at all stages, be added cautiously and little by 
little, noting the effect of each addition, unless the amount necessary is 
approximately known. 

It is advisable to make a point of remembering the name and formula 
of each reagent added, and invariably, before adding a reagent, to con- 
sider the object of usin^^ it and what its effects may be — /. e.^ what com- 
pounds it can possibly form with the bodies present under the present 
conditions, and also what effect it may have on other reagents to be 
added later; and also whether it will interfere with subsequent tests, e.g.^ 
whether it may introduce some radical which will have to be tested for 
in the same portion of substance, and thus prevent its detection. 

It must be borne in mind that, in precipitating, secondary products 
always remain in solution, and their presence may have to be considered 
in all subsequent tests. 

Precipitation should be made as nearly complete as possible; this may 
be insured by testing a small portion of the filtrate with a further portion 
of the precipitant, if no additional precipitation is observed after waiting 
a reasonable time it may be considered as complete for qualitative 
purposes. 

Precipitates should invariably be carefully washed before testing. For 
qualitative purposes two or three washings are generally sufficient; if it 
is necessary to take greater precaution, a few of the last drops of the 
filtered wash-water are tested, usually for CI or some radical present in 
the last solution; washing is stopped when practically free, or if the 
medium was acid the washing is carried on till water is neutral. 

The object of precipitation and filtration is to effect a separation of two 
radicals or groups from one another, or one from all associated sub- 
stances: the two last precautions insure the approximate completeness of 
the separation. 

(127) 
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The filtrate and the first wash-water are usually mixed and tested — 
they contain by far the greater part of the soluble matter— but the pp 
must be washed further, or the small amount of soluble salts contained 
may interfere with the tests to be applied. 

When one metal is evidently present in very large proportion, it is a 
good plan to get rid of it, or most of it, at the outset, if that is practicable. 
For instance, in analyzing an impure lead, a large amount of it should be 
dissolved in HNOgAq, and the bulk of the Pb removed by HaSO^; after 
evaporation and redissolving, a solution is obtained containing a fair 
proportion of the other constituents, which otherwise might be missed. 
Similarly with an amalgam the bulk of the Hg can be expelled by heat 
before commencing the analysis. 

SEPARATION INTO GROUPS. 

502 From too concentrated a solution many salts may be precipi-" 
tated on addition of HCl, being less soluble in acid than in water. 

On adding water a white pp may form of basic chlorides (oxychlorides) 
of Bi, Sb, Sn, or basic nitrates of Bi or Hg, such pps will generally 
redissolve on the addition of HClAq (§1), or they may be separated by 
decantation and then either tested separately or treated with a little cone. 
HClAq and added to main solution. 

503 W Effervescence on addition of HClAq, if without odor, indi- 
cates a soluble carbonate, with odor of SOj a sulphite or thiosulphate, of 
H2S a sulphide, of HCN a cyanide, of CI usually a hypochlorite (see 418). 

{d) If HCl were used to effect solution of a solid none need be added 
here, but if solid were dissolved partly in water and partly in HClAq a 
pp may form on mixing the two portions; this may be a silver group 
chloride, or a carbonate, sulphate, etc. In such cases add more HClAq 
till decidedly acid; if pp does not dissolve on warming it is probably a 
member of the silver group or a sulphate of Ba, Sr, or Pb. 

{c) Alkaline solutions on being neutralized by HClAq may precipitate 
various compounds: those most commonly met with are hydroxides, 
most of which redissolve readily on addition of more acid, sulphides of 
As, Sb. and Sn (strongly colored, the first two redissolving with diffi- 
culty, that of As being nearly insoluble), and cyanides, some of which 
are readily soluble, some insoluble, while in special cases other salts and 
insoluble acids or anhydrides may be formed. 

For instance, from a solution containing free KOH or NaOH there 
may be precipitated hydroxides or oxides of Pb, Sn (As), Sb, 
Al, (Cr^^^), Zn, PbSO^ and almost any other lead salt, sulphides of 
As, Sb, or Sn. From ammonium sulphide solution there may fall free 
S, and sulphides of As, Sb or Sn^^ (Ni or Cu): from K2S or NajS solu- 
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tion those of As, Sb, Sn^' or Sn^^ (see 244) and Hg: from animoniacal 
solution may fall hydroxides or cyanides of Cu, Cd, Zn, Ni, Co, (Mn); 
AS2S5 or AsjSs, S, AgCl or AgCN: from KCN solution may fall Agl, 
AgBr, AgCN, Ag^S, CuS, NiS, CoS, and cyanides of almost any other 
heavy metals (except Hg, Pb or Bi), most of the cyanides being readily 
soluble in HClAq: from solutions evolving SO2 may fall AsjSa, S, AgaS, 
PbS04: carbonates may give precipitates of AS2S3, and (NH^JaCOs may 
give AgCl, AgCN, AS2S3. 

On standing, gelatinous H^SiOi, or some other form of silicic acid, may 
separate out. 

{d) If a large amount of HNO3 or aqua regia has been used, or if any 
strong oxidizing agent is present (^. ^.,a chlorate, nitrate, chrom ate, 
permanganate, SO2, CI, Br, I), indicated by odor of ClOj, CI, NOCl, 
SO2, etc. (chromates are indicated by yellow color of solution, confirm 
by neutralizing with NH4OH and adding HC2H3O2 and Pb(C2H302)2; 
permanganates by purple color and ozone-like odor of solution, and 
evolution of CI when evaporated with HClAq); it is best to boil down 
add some cone. HClAq, evaporate to complete dryness and redissolve 
in dilute HClAq before proceeding further. These oxidizing agents, if 
allowed to remain, will react on the H2S next to be added, not merely 
decomposing it and requiring the addition of large quantities, but form- 
ing H2SO4, S, and troublesome decomposition products. See 504. 

As much lead as possible should be removed by HCl, using a slight 
excess and cooling, but pp is never complete: the dissolved PbCl2 falling 
as PbS in copper group. 

504- If H2S water is used it should be clear and should smell strongly 
of the gas: in this case previous dilution is unnecessary if the H2SAq is 
added in sufficiently large proportion. 

Gaseous H2S may be used, but in this case the solution must be con- 
siderably diluted first. 

If solution is neutral Fe, Ni, Co, Zn, may be thrown down, by the 
H2S; if alkaline these and Mn will be precipitated, but As, Sb, and Sn 
will fail to pp. 

If much free acid is present Cd may fail to pp, and Pb if acid is in 
great excess, both causing trouble and confusion by being precipitated 
later on in other groups. 

From strongly acid solutions Pb may fall at -first as brick-red PbsSaCla, 
becoming black on dilution and warming with more H2S. 

Any very large excess of acid is best got rid of by evaporation or par- 
tially neutralized by NH^OHAq. 

9 
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It must be remembered that H,S, in precipitating sulphides, sets acid 
free (see 505 and 138}: if a very heavy pp forms the proportion of acid 
generated may be so large as to interfere with precipitation of the last 
traces of metal. 

There need be no fear of adding this reagent in too great excess, 
except from the inconvenient bulk of liquid resulting, as it has no appre- 
ciable solvent action on the sulphides, and is easily expelled, but it is 
desirable not to make the bulk of liquid too large, as this increases time 
of filtration and evaporation {506 to 508). 

Arsenic, if present in the pentad form, may be missed if solution is not 
heated to 70° and an excess of H^S added. If As^ is suspected it can be 
reduced to As^^^ by adding SOjAq and boiling off the excess oj SO^ 
before adding H^S. The SO3 formed may pp Ba or Sr as sulphate in 
this group. 

Milky white S, so finely divided as to pass through a filter, is ppd by 
the action of H^S on oxidizing agents {e.g., FeCls, H2Cr04, HMnOi, CI, 
HNO3, etc., which are thereby reduced to FeCl.,, CrClj, MnCl^, HCl, 
NO, etc.): some of these may oxidize part of the S to SO3 and thus pp 
Ba or Sr from the solution; most of these may be removed by evaporat- 
ing with HClAq (503); Fe^^^ is reduced to Fe^^ by heating with SO2, the 
excess of which must be expelled, as SO2 + 2H2S equally pps S. Occa- 
sionally the S is ppd in the plastic form. 

505 Test part of filtrate immediately by adding an excess of HjS; if 
gas is used, dilute still further; if very strongly acid, it may be advisable 
to partially neutralize first, but care must be taken to avoid complete 
neutralization, as it may be impossible to correct this by subsequent 
acidulation, as in that case the iron group metals will pp, and NiS and 
CoS are, when once formed, insoluble in HClAq. 

If amount of pp II is excessive, it is possible that too much of the orig- 
inal substance has been taken; in such a case, the filtrate may be divided 
at this point, and the pp mixed and then divided for treatment. 

506 H2S must be boiled off if it is proposed to pp Al, Fe and Cr 
separately from Ni, Co, and 2n (see 516 and table for pp III and IV: 
alternate method). 

If HaS is not expelled, NH4OH pps FeS, NiS, etc., here; it also 
retards oxidation of Fe'^ 5y HNO3 (507). 

If HCl gives no pp and HgS none but S (provided in the latter case 
that H2Cr04 and H'Mn04 are absent or have been reduced by evaporation 
with HCl), a fresh portion may be taken for treatment at this point. 
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507 Evaporation to dryness may in many cases be omitted (see 508), 
but after treatment with H^S it is desirable to concentrate and reduce 
bulk after the necessary dilution in § II. 

After treatment with H^S iron is present as Fe'''; this must be perox- 
idized by HNO3, unless it is intended to add NH^OH and then (NHiJ^S 
without an intermediate filtration (516); for Fe^^ salts are not completely 
ppd by ammonia as are those of Fe^^^. BrAq may be used in place of 
HNO3 if it is merely desired to peroxidize iron. 

508 Evaporation to complete dryness with the addition of cone. 
HNO3 is generally advisable in the presence of phosphates, borates, 
oxalates, fluorides and silicates if NH4OH gives a pp at this point 
(511), and always in presence of organic matter, as the latter retards 
or prevents precipitation of Fe (Al and Cr) by NH4OH. By this . 
treatment borates, oxalates and fluorides are largely decomposed, 
while soluble silicates and organic matter are decomposed, leaving 
Si02 and C when further heated; if these are not removed, such 
substances as CaFj, SiiOH)^, CaCaO*, etc., will be ppd by NH4OH, 
and will subsequently come down in the place of AUOH)^, for which 
they may be mistaken. Phosphoric acid is not removed, but all P 
compounds are converted into orthophosphates (H3PO4 salts) by boiling 
with HNO3. 

509 A pink color of solution changing to blue near dryness indicates 
Co, green leaving yellowish residue Ni, green or v.iolet to green Cr, yel- 
low to brown or black Fe, faint pink to brown or black Mn. A white 
residue indicates absence of these metals; if residue is light in color, fuses 
easily, and dissolves readily in water, there is probably an alkali or 
alkaline earthy metal, or Zn; the taste of the water solution often gives 
a clue to the nature of the predominating substance. If no residue 

. remains on ignition, these substances are excluded; and a readily 
volatile residue indicates ammonium if none of its compounds have 
been added — test original substance. Ferro and ferri-cyanides, if pre- 
viously overlooked, usually leave blue residues at this point; these 
should be again moistened with cone. HNO3, dried and ignited, and 
if necessary this treatment repeated, after which HClAq usually dissolves 
the residue as FeCls. 

510 If heating is carried too far, a portion of the residue (AI2O3 
white, CraOs green, FeaOs red or brown to. black, besides white SiO^ and 
black C) may be rendered insoluble in HClAq, but if sHicates or organic 
compounds are present, moderate ignition is necessary (leaving white 
SiOi or black C). 
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511 Phosphoric acid must invariably be tested for here, after removal 
of arsenic and silicic acids, which also give yellow pps or colors with 
(NH4)2Mo04, but less readily; a yellow color without pp is not sufficient 
proof of presence of H3PO4; too much HCl interferes with test. The test 
is best made by pouring about i cc of the solution into 2 or 3 ccs of the 
molybdate solution. 

If H3PO4 is present and NH4OH gives a pp, a special treatment will 
probably be necessary for pp III. 

{b) This somewhat complicated special treatment (see table for pp 
III A) may often be avoided by adding a sufficient quantity of FeClaAq 
at this stage (after first testing for Fe in a special portion — if amount of 
F e already present is large and of H3PO4 small, no more FeCls need be 
added), the phosphoric acid being carried down combined with Fe(OH)a 
on addition of NH^OHAq, as a basic ferric phosphate FeP04.:rFe(OH)3. 
The necessity for some special treatment is owing to the precipitation 
of Mg and Ca (Ba and Sr) with the Fe, Cr and Al; the other metals act 
much the same whether H3PO4 is present or not, the phosphates and 
hydroxides being similar in solubilities, except that FePO^, AIPO4 and 
CrPOi are nearly insoluble in acetic acid and are very slimy and difficult 
to filter. 

512 The amount of NH4CI necessary depends chiefly on that of the 
Mg and Mn to be retained in solution as double chlorides on addition of 
ammonia, and partly on that of the Ni, Co, and Zn. If solution has not 
been evaporated to dryness, it usually contains much HCl, which with 
NH4OH may yield sufficient NH4CI. Too large an excess of NH4CI may 
prevent subsequent precipitation of calcium group. 

513 Too great an excess of NH4OH dissolves Al(OH)3 appreciably 
(570). The gelatinous and almost transparent colorless pp of Al(OH)3. 
must be closely looked for and a few minutes allowed for it to separate; 
it usually floats, owing to entangled COj. 

514- The ammonia used must be nearly free from carbonate; if 
exposed to air, CO2 is absorbed, so that Ba, Sr, and Ca may be ppd here 
and subsequently missed. 

By exposure MnOaq and CoOaq are oxidized to MnjO^aq and CoaOsaq, 
becoming insoluble in NHiClAq and therefore falling in pp III. 

There is also a great tendency for the dyad metals (Mn, Zn, etc.) to- 
form somewhat stable salts (ferrites, chromites, aluminates: R^^CR^^^'jOs, 
analogous to the * * spinels ' ' ) with the sesqui-oxides of this group; if much 
Fe is present there is a special tendency for Mn (and Co) to be carried 
down with it (apparently as MnO.FeaOa), Ca and other dyads are also- 
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carried down, whence the precaution with large dark pps to redissolve in 
HClAq and re-pp with NH40HAq (see 512), which frees the pp from 
most of the dyad metal, the filtrates being added to the main filtrate i IV. 
The rapid darkening of the pp on filter is an indication of the presence 
of Mn (or Co). 

In presence of Cr there is a special tendency for Zn to accompany it in 
the pp as ZnO.CraOa; the Zn is very imperfectly separated from the Cr 
by reprecipitation; Mg is similarly carried down by Cr, unless the pro- 
portion of NH4CI is large. 

The ppd hydroxides (and especially the phosphates) are gelatinous, 
filtration is tedious, and separation from soluble matter imperfect unless 
performed hot and pp washed with hot water. If pp is large, it must 
be allowed to settle, clear liquid decanted and washing done largely 
by decantation; a long boiling prior to filtration makes it even more 
gelatinous. 

The Cr^* and Mn^" of chromates and permanganates are not precipi- 
tated by NH4OH, unless these are previously decomposed by HCl or 
HCl + HjS, presence is indicated by color of solution; if allowed to 
remain they are ppd by (NH4)2S. Similarly the Fe of undecomposed 
ferro and ferri-cyanides escapes precipitation (508-9). 

Unoxidized ferrous iron (507) gives a dirty greenish pp of Fe(OH),, 
some remaining in solution, pp rapidly darkening and finally forming 
brown FejOsaq; but if partly oxidized to Fe^^^ a black pp of ferroso-ferric 
oxide (Fe304 = FeO.Fe.208) forms, which is granular and easily washed. 

Occasionally a faint 'pink color in filtrate indicates that some Cr has 
been retained in solution; this must be removed or tested for in pp IV. 

515 If Fe has been completely removed in pp III a black pp on 
adding (NH4)2S or HjS indicates Ni or Co; any Fe not removed (see 
507, 508) is ppd as black FeS. 

516 Sometimes the ammonia pp (IV) is not filtered off before add- 
ing (NH4)2S, in this case the alternative method given in Table V must 
be followed, see also 277. One advantage of the intermediate filtration 
is that the absence of Ni and Co is indicated at once, and no time need 
be spent in attempting to separate them. 

517 The ammonium sulphide used should be colorless or faintly 
yellow (140) and but little should be used. An excess not only dissolves 
NiS in presence of NH4OH, but, especially if yellow, may deposit S oil 
heating. Some prefer to pass gaseous H,S through the ammoniacal 
solution; in this case care must be taken to keep it alkaline by addition 
of NH^OHAq. 
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518 The ppd sulphides, especially NiS and CoS, readily oxidize 
when moist to soluble sulphates, and may be missed in the group sepa- 
ration, which should be carried on as soon as possible. H^S prevents 
oxidation. 

519 If filtrate is brown Ni is indicated; if so boil for some time to 
expel NHs (it is then best to nearly neutralize with HClAq and then 
;iiake slightly acid with acetic acid and heat again); filter off the NiS + S 
which falls and test in borax bead O.F. (oxidize well to get rid of S); it 
need not be added to main pp (IV). 

520 CaCOa and BaCOa are somewhat soluble in NHjClAq. If a 
large excess of ammonium salts is present evaporate to dryness and 
ignite to expel them, dissolve residue in dilute HClAq, filter off any 
slight residue, add a little NH^Cl and make alkaline with NH4OH. If a 
white pp forms, filter, dry, and test with Co(N03)2Aq for Al or Mg. 

521 Solution must be alkaline and NH4CI present to keep Mg in 
solution. If acid, CO2 would be liberated on adding (NHJaCOa and 
a soluble bicarbonate of Ca, etc., possibly formed. 

The ammonium carbonate used should be free from bicarbonate (pre- 
pared by adding NH4OH to a strong solution of the commercial salt). 

522 Boiling may reconvert CaCOg + 2NH4CI into soluble CaCla 
aod (NH4)2C03, or NH3 + CO, which volatilize. (523.) 

523 Whether (NH4)2C03 gives a pp or not, some Ba and Ca may be 
present in this solution, hence a few drops of ammonium sulphate and 
oxalate solutions should be added to remove them, pp may be subjected 
to flame test. 

If a large amount of ammonium salt is present these traces of Ba and 
Ca are best removed after ignition and before testing for Mg (see sep- 
aration of Mg, Na, and K, Table IV). 

SILVER CROUP. 

524- If silver group pp is large take a portion in test-tube, add 5 ccs 
water and boil, if entirely soluble it consists of PbClj only; if not pro- 
ceed as directed. 

Lead must always be looked for in Copper group as well as here. 

Traces of silver are likely to be missed, AgCl is slightly soluble in a 
solution of PbCU as well as in other chlorides. 



COPPER AND ARSENIC GROUPS. 

525 The color of the pp thrown down by HjS often indicates what 
metals are present, but the different sulphides may mask one another's 
colors. 

If very large ^portion of pp should be taken to test for As group; but 
before dividing it must be well mixed. It will often be noted that the 
colors of different portions differ greatly, the yellow AS2S3 and CdS 
being among the last to fall. 

526 CuS is slightly soluble in (NH4)2SAq and HgS in K,S + 
KOHAq, hence it is generally preferable to use KOH or NaOH in 
presence of Cu (detected in the preliminary examination) and (NHJjSx 
in presence of Hg; and it is well to test original solution for Cu by 
reducing with an iron wire and applying flame test to the deposit. 

The (NH4)2S should be slightly yellow, containing some polysulphide 
so as to convert insoluble SnS into soluble SnS, : if too strongly yellow 
the S ppd on acidulation may entirely mask the actual group pp (test 
reagent with HCl before using) : for the same reason as little of the 
reagent as possible should be used— too little rather than too much, as 
the As group (if it proves to be present in large proportion) can be sep- 
arated completely by a second treatment. 

CuS, if dissolved by (NH4)2SAq, is re-ppd with the As group sul- 
phides of a brown or liver color, and may be neglected: black HgS 
sometimes falls from KOHAq. If Sn'v and Hg occur together the Sn is 
incompletely separated from Hg by these means. 

527 In very many places time will be saved by thus iresXxng portions 
of heavy pps or bulky solutions, but it must be remembered that the 
amount of the substance to be tested for is proportionately reduced. 

COPPER GROUP. 

528 Any excess of acid has to be boiled off or neutralised later; 
the S obtained by the action of HNO3 (see 140) is derived from the HjS 
used as precipitant, not from the original substance. 

529 A white substance found at this point may be PbSO* or BaSO^ 
as well as Hg3S2(N03)2, the latter dissolves in aqua regia like HgS. S is 
recognized by its burning readily when dried, leaving little or no 
residue: if plastic and present in large quantity it may inclose HgS or 
other sulphides: in such cases dry, burn, treat residue with HNOaAq 
filter and add filtrate to solution. 
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530 A small portion may be diluted and treated with a large excess 
of HgS, if no pp or color is seen no metals need be looked for (see 525), 
provided too much acid were not used. 

531 - The object of evaporating with H2SO4 is to expel the more 
volatile HNO3 in which PbSO^ is somewhat soluble. 

532 The Bi pp must be carefully looked for and confirmed; if Pb is 
not compleftely removed it may fall here as white Pb(OH)2 and Fe (from 
imperfect washing of Pp II or from reagents) as yellowish Fe(OH)3. 
Sb, if not removed, may also pp here as white SbOCl, which is soluble 
in tartaric acid. 

533 The test should be made with K^FeCye unless Cu has been 
otherwise proved to be present, the brown pp affords a more delicate 
test than the blue color of cuprammonium sulphate. A blue or greenish 
pp with K4FeCy6 shows that Fe has been imperfectly removed, or has 
been introduced in some way. 

534- A black or brown pp shows that Pb or some other metal has not 
been completely separated, e. g.y Ni or Co owing to imperfect washing 
of Pp II. 

ARSENIC CROUP. 

535 If KOH or NaOH has been used for separation it is advisable 
to add some HjS with the acid to insure complete precipitation. 

536 Normal ammonium carbonate dissolves Sb sulphides slightly, 
in the acid carbonate that of As is alone soluble, solution is accompanied 
by escape of CO2. Commercial ammonium carbonate yields a solution 
containing some acid carbonate (see 521), but less than NHiHCOsi a 
suitable reagent may be prepared by adding a little HClAq to a solution 
of the commercial carbonate so as to saturate it with CO2. 

537 If H2S is not driven off by heat some SbjSs is reformed on dilu- 
tion or cooling: but too long boiling may volatilize SnCli. 

538 Some of the Sb passes off as SbHs, especially if much free acid 
is present. Some Sn may be ppd on the platinum but always as a gray 
sponge. If a great deal of As is present some may be ppd at first, brown 
like Sb, but this is soon removed by the H as AsHa. Cu giv^s a similar 
stain to that of Sb, which must be considered if (NH4)2Sx is used and 
the As group pp appears brown. 

539 If long boiled the SnClj may oxidize to SnC^, which does not 
react and may be partly volatilized. 
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540 Pp may be dissolved in HClAq + KClOj, and Marsh's test 
applied to it or to original solution: if dissolved in HNOaAq or aqua 
regia the test is less delicate. The AsHs (with possibly SbHa) may be 
passed into AgNOsAq, AsHs giving a pp of Ag. 

54.1 The method first given in the tables works well when As, Sb 
and Sn are not in too dissimilar proportions, but a very small amount of 
either may be missed in presence of a large amount of the others, and 
absence should be carefully confirmed. 

IRON GROUPS. 

54.2 If quite colorless contains no Fe, Mn, or Cr. If much Cr is 
indicated, and Zn has not been found, it is well to redissolve, pp Al, Fe 
and Cr as basic acetates, and. test for Zn in the filtrate, as indicated 
under Pp IIIA. 

54.3 Heating the KOHAq pps the Cr(OH)3 which otherwise dissolves 
as KCrOa. 

544 NH4CI may also be used to pp Al (138): presence of Al may be 
confirmed by blue color after moistening pp with CotNOjljAq, drying 
and strongly igniting. A little Al may come from reagents, especially 
KOH, or sometimes from vessels used. 

• 545 CaFa will rarely be obtained here except from substances diffi- 
cultly soluble in acids: if suspected test the pp also for Al by 
Co(N03)2Aq, and for F by etching glass. 

If Si(OH)4 is suspected, dry pp and test in NaPOs bead, insoluble 
^'skeleton" is SiOj: TiOj acts similarly. 

546 At this stage the Fe is in the ferric state, no matter what the 
original condition. If dissolved at the outset by the aid of HNO3, aqua 
regia, etc. , no information as to the state of oxidation can be gained from 
the solution: but the original color (see 406) may give some. If soluble 
in water or in HClAq, KsFeCyg indicates Fe^^ and KCNS Fe^^^ by blue 
and red colors with the original solution; but even this is not absolutely 
conclusive — e. g.^ FeaOs mixed with a reducing agent or a sulphide dis- 
solves in HClAq as Fe^^Cla- If neither is found the Fe may be present 
as ferro- or ferricyanide, indicated by the effect of FeCla and FeS04 on 
original solution. Many insoluble ferro- or ferricyanides give blue colors 
when evaporated with strong acids. 

547 If blue or green test for Cr; if strongly yellow no further con- 
firmation is necessary. 
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543 NiS and CoS are slightly soluble in dilute HClAq, but with 
difficulty even in the strong acid: presence of HjS lessens the tendency 
to dissolve. 

54.9 The actual separation of Ni and Co is tedious and requires great 
care, and is only necessary when they are present in very unequal pro- 
portions. Ni is often sufficiently indicated by the brown solution with 
(NH4)2S (519) and Co by the blue borax bead. They may be separated 
after concentrating solutions (a) by making the acid solution alkaline 
with NaaCOa then strongly acid with HC2H3O2, and adding an excess of 
KNO2 (solid or strong solution): this slowly oxidizes Co^^ to Co^^^ and 
pps yellow K3Co''''''(N02)6: Ni gives no pp unless some member of the 
Ca group is present, and may be tested for in the filtrate after allowing 
several hours for Co to pp. 

{d) KCN is added to solution until pp formed just redissolves, solution 
is boiled five minutes, cooled, filtered if necessary, treated with a little 
KOH and then with BrAq in excess (keeping reaction alkaline with 
KOH): on standing in a wa^m place Ni pps as black Ni(OH)3: Co 
remains dissolved as cobalticyanide KsCo'^^^'Cyg. The pp and evaporated 
filtrate are tested in borax beads. 

Co is sometimes lost by being ppd with Al and Cr: Ni by the use of 
an excess of (NH4)2S. Fe, if not removed, may be mistaken for Ni. 

550 Mn is usually found in Pp III, and in that case need not be 
looked for here. « 

551 The Zn pp is easily overlooked, ZnS is the only white sulphide 
commonly ppd. An earcess of H2S may pp Al(OH)3, converting the K 
into K2S or KHS. This is avoided by first acidulating with acetic acid, 
which does not prevent precipitation of ZnS, but sometimes commercial 
acetic acid itself gives a slight white pp with H2S. 

552 Compare 516 and 277. The BaCOa method of separation is 
very satisfactory if sulphates are absent or removed by BaClj. 

553 If Cr is present the Fe, Al and Cr are in this case best separated 
fVom Zn and Mn by the basic acetate method; Zn is ppd from the filtrate 
(containing free acetic acid) by H^S, and Mn is then ppd on making it 
alkaline, and confirmed by fusing pp with NajCOa. 

554- Most of the Ni, Co and Zn was retained in solution by NH^Cl^ 
and if found in pp IV need not be further tested for. 

555 The basic acetates of these triad metals redissolve, on cooling, 
in the free acid formed when they precipitate; they should be filtered as 
hot as possible. 
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556 Absence of H3PO4 here indicates that sufficient Fe (Cr or Al) 
was present originally to combine the whole of it; if present, more iron 
(FeCIs) must be added. 

557 The ppd phosphates are tested as the hydroxides, see pp III. 

558 It is advisable to insure removal of H3PO4. 

559 It is well to evaporate and get rid of ammonium salts by ignition. 
Frequently enough of these metals will have escaped precipitation to 
allow of their being recognized in the examination of the groups in which 
they normally fall. 

METALS OF ALKALIS AND ALKALINE EARTHS. 

560 The amount of acetic acid should be adjusted to that of pp; by 
adding it in drops distributed over the filter paper a large excess is 
avoided. 

561 The KjCrjOi is added only in slight excess: BaCrO* is somewhat 
soluble in HjCrOiAq. 

562 In this group all the pps should be given ample time to form 
and settle. 

563 Dilute H2S04aq may be added to the solution (in acetic acid or 
HClAq) and a partial separation effected. The spectroscope is useful 
with Ca and Sr. The flame colors of the dominant metals are apt to 
mask those of metals present in small proportions, but often Ba, Ca and 
Sr may be detected in each other's presence by alternately dipping a 
platinum wire in solution, drying, and then holding for a minute or more 
in flame, trying the effect of different portions («, 'b^ c, fig. 11, page 35). 

564- BaS04 gives scarcely any flame-color, but if heated on charcoal 
in R.F. it forms BaS, which is decomposed by HClAq and then reacts. 

565 The amount of ammonium sulphate should be proportioned to 
that of the Ca and Sr present. 

566 Some Ca may be carried down if either metal is present in large 
proportion, and some Sr may remain in solution with the Ca. 

567 This is one of the most satisfactory methods of separation. 

568 If no residue is left, Mg, Na and K are not present in appreciable 
quantities. Too high a temperature may volatilize KCl. Residue should 
be white, but usually brown Hocks of insoluble matter (derived from dust) 
are seen on dissolving it. 

569 The NH4CI is to prevent precipitation of Mg. 

570 This pp must be given time (several hours may be necessary) 
to form; stirring or rubbing tube with a glass rod facilitates its forma- 
tion, small crystals forming where tube is rubbed. Microcosmic salt 
may be used as a precipitant. 
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If Al (Ba or Ca) is present NajHPO^ gives a flocculent non-crystalline 
pp; this should be treated with dilute acetic acid, which dissolves 
MgNH,P04 but not AIPO4, and the filtered solution re ppd by NH4OH. 
In presence of Cr and Fe much of the Mg may be lost by being carried 
down with them in Pp III (514). 

571 The Na flame is rarely absent, but persistent only if Na is 
present in appreciable amounts. Wire must be thoroughly cleaned. 

572 Rb and Cs give flame-colors resembling K, and some of the 
Li rays pass through blue glass. If either is suspected the spectroscope 
or HaPtCle should be used. 

573 At this stage the ammonium salts introduced as reagents make 
it impossible to test. 

574- Another method of separating Mg is (ammonium salts being 
expelled) to add Ba(OH)2Aq as long as a pp falls, filter off Mg{OH)2. and 
remove the excess of Ba from filtrate by (NH4)2C04. This and the 
oxalate separation may be used quantitatively. 

575 Li is ppd as phosphate by Na2HP04 in alkaline solution. It 
may be separated from K and Na by the solubility of LiCl in amyl alcohol 
(fusel oil), the other chlorides being nearly insoluble. 



The following books are recommended for study or reference in con- 
nection with the work of this course: 

Fresenius: Manual of Qualitative Analysis* (Wiley & Sons). 

Prescott and Johnson: Qualitative Analysis (Van Nostrand). 

Valentin and Hodgkinson: Qualitative Analysis (Churchill, 
London). 

Muter: A Short Manual of Analytical Chemistry (Simpkin & Mar- 
shall, London). 

Landauer: Blowpipe Analysis* (Macmillan Co.). , 

Brush: Determinative Mineralogy and Blowpipe Analysis (Wiley & 
Sons). 

Ostwald: Foundations of Analytical Chemistry* (Macmillan Co.). 

Remsen: Inorganic Chemistry (Holt & Co.). 

Richter: Inorganic Chemistry* (Blakiston & Co., Philadelphia). 

RoscoE AND Schorlemmer: Treatise on Chemistry (Inorganic), 
vol. i and ii (Appleton & Co.). 

Comey: Dictionary of Chemical Solubilities (Macmillan Co.). 

* Translation. 
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